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PREFAC.E 


Wireless Telegraphy at its inception was the commercial 
application of quite a small group of physical phenomena, but 
in its rapid growth it h^s been fostered by discoveries in every 
'branch of physics and by *the genius ot^many inventors. 

Its application to-day makes use of the most delicate 
instruments on the one hand, and very special heavy elec- 
trical machinery on the other, and its study eml^races a 
diversity of subjects, * 

The object of this small volume is not an all-embracing 
one. It is designed to act as a connecting link between the 
elementary text-book and the advanced treatise or the special- 
ised text-book, and in particular to meet the demand* for a 
book of instruction which can be used in sequence to The 
Handbook of Technical Instruction for Wireless Telegraphists by 
J. C. Hawkhead and the present author. 

In order to assist the student to understand the atomic 
processes, a provisional model of "* the atpm is described in tlie 
first chapter. The actual structure of * the atomic core is at 
present unknown, but if it is assumed ‘to cbnsist of a stable 
electron vortex associated with a positive charge, the reactions 
of the atom can be explained in a fairly*simple manner. 

The attehipt which has been made in •these pages to 
describe present-day wireless apparatus and instruments falls 
short of this object to the extent that, as the present time is 
one of rapid transition, »the fvpparatus ^ in use when these 
descriptions were written*— whether appertaining to arc, jflffF. 
alternator, valve, or direction find^i;^ — are nearly all in process 
of being superseded by improved tyjfes. Th« exaihples given, 
however, serve to illustrate the theoretical circuits ‘discussed. 
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As accurate knowledge is conditional on measurement, and 
the training of the radio worker is not complete without a 
course in practibal testing, the elements of testing have been 
given liberal space in this book. 

The author’s acknowledgments are due to Mr. A. M. 
Young and to Mr. S. J. Willis for the excellent manner in 
which they have prepared the numerous' line drawings re- 
quired ; to Marconi’s Wireless Telegraph Company, Ltd., for, the 
photographs of instruments; and. also to Mr. W. H. Nottage, 
B.Sc., for a helpful criticism of the completed book. 

H. M. DOWSETT. 


Marconi Works, 
Chelmsford, 
1920 . 
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WIRELESS TELEGMPHY AND 
TELEPHONY 

FIEST PEINCIPLES, PEESENT PEACTICE 
AND TESTING 

CHAP^EE I 

» » 

THE NATURE OF ELECTRICITY AND OF THE ATOM 

The Electron — The Negative Gharge^The Positive Charge — The Ion , — 
An Electric Current in a Solid Conductor^ — in a Liquid^ — in a Gas, 
— The Atom, its Structure and Reactions, — Properties of the Atom , — 
Atomic Models of J, J, Thomson, — E, Rutherford, — N, Bohr, — G, JV, 
Nicholson, — The Electron-Vortex Atom, — its Flexibility and Stability, 
— The Formation of the Secondary Group of Electrons — the Number 
in it, — the Magnetic States of the Atom — the Process of Ionisation 
— the Dispersion of Bombarding Electrons — the Cause of Light — 
X-Rays, — Radio-activity, — the Birth of a Helium Atom, — Gheryical 
Action — Electrochemical Dissociation, — Relative Sines of some Atoms, 

The Nature of Electricity. — In The Handbook of Technical 
Instruction for Wireless Telegraphists we spoke of positive 
and negative electricity, of direct current and alternating 
current, in fact of electricity in the general terms used to indi- 
cate the various well-known forms it assumes in bulk. 

But the art of wireless telegraphy draws l^s inspiration 
increasingly from the science of molecular physics, which 
centres round electricity in its elemental form, and we 
must study it also in this elemental form if* we are to 
obtain a true conception of the actions which take place 
for instance in the Fleming Valve, or the Crystal Detector, 
or even in Wave Transmission threugh the atmosphere. 

The historical tests of J. J. Thomson in 1897 definitely 
established the fact that electricity, is granular in structure, 
it consists of minute particles having the iiatur^ of an 
enormously fine grained gas, y^^th the mass of Hydrogen. 

1 B 
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These particles are called “ electrons.” Each of them carries, 
or is, an indivisible unit charge of negative electricity, 
^^eyond the fact that the electron is the centre of an electro- 
static field, its actual constitution is unknown. It may 
simply be a strain centre in ^the ether, similar to a whirl 
in a fluid. Its field is radial, and evenly distributed all 
over it, Fig. 1 (a), until the electron velocity approaches the 
speed of light, when theory suggests that the electrostatic 
lines should leave the poles, or axis of movement, and con- 
centrate towards the equator or plane normal to this axis, 
Fig. 1 (6). A flow past anj given point in one direction of 
10^^ electrons per second constitutes a current of one ampere. 

Every neutral atom of matter, whether solid, liquid, or gas, 
carries with it a certain complement of detachable electrons. 




Fig. 1. — The Electrostatic Field of an Electron. 


One electron in excess of the correct number gives the 
atom one unit charge of negative electricity. One electron 
less than the correct number causes the atom to have 

c 

one unit charge* of positive electricity. The unit of positive 
electricity has never been separated from the chemical atom. 
The positive charg'e appears to be rather a quality than an 
entity, serving to express the fact that the electrified body 
has lost one or more negative charges. 

Every electrified particle in a liquid or gas has the 
power to condense other* particles round it which are 
unelectrified, farming a group. ' Both the single electrified 
particles, and the electrified groups are called ‘‘ions.” Thus 
a negative ion may consist of (1) a single electron, (2) an 
atom with one or more additional electrons attached to it, 
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or (3) a group of atoms having an electron or a negatively 
charged atom as a nucleus. Also a positive ion may consist 
of (1) a single atom which has lost one or more electrons, or (2) 
a group of atoms having a positively charged atom as a nucleus. 

The Electric Current. — electric current in a solid 
conductor consists of a stream of Electrons which is formed 
as soon as a potential difference is established at two 
points on the conductor, by simultaneous contributions 
from a number of atoms scattered along it, the number 
affected depending on the Electromotive Force ayjplied, the 
nature of the conductor — whether it is copper or some 
other metal, — and on the tei^perature. Under the influence 
of the potential differeilce the electrons work their way 

through the atoms, all in the same direction, from the 
negative to the positive end of the ponducstor. On their 
way they have to pass the atoms which have been robbed 
of electrons, and which attract them. In consequence, 
they are continually being captured, while the continued 
application of the E,M.F. causes a fresh number to be 
released ; and this sequence of operations continues until 
the E.M.F. is removed, when the electrons are promptly 
reabsorbed again by the nearest atoms which have been 

rendered deficient in them, and the current ceases. 

When a very low electromotive force such as 0*1 volt 
is applied to a liquid, the current which results is prob- 
ably carried entirely by electrons ^ as in the case of a solid 
conductor, or by free ions which already exist in the liquid ; 
but with certain liquids termed “ electrolytes ” when the 

electromotive force exceeds a stated voltage-^the critical 
value varying with the liquid between 0'5 volt and 3*0 
volts — chemical dissociation of a number of the molecules 
takes place, and the current is made up of Iwo streams 
of ions, one positive, the other negative, moving in opposite 
directions. The molecules breajc up into two parts, one 

part which carries one electron iti excess, and another part 
which carries one electron less »than the number required 
to make each part electrically neutrri. ^ 

The ions attract neutral molecules and break them 
up, forming new ions. They combine^ with the ions of 
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opposite polarity to form new neutral molecules and thereby 
set free new ions of the same polarity to carry on the process 
fjirther. In this way the effect is transmitted by the two 
streams which are constantly being renewed, reabsorbed, and 
again renewed, the positive iops moving from the anode to 
the cathode, and the negative from the cathode to the anode. 

Conductivity in a gas may either be due to direct electron 
discharge, the carrying of the charge by electrified particles 
of floating solids, or to the production of gaseous ions by the 
break-up of the gas molecules as in electrolytic conduction 
through a liquid. * 

Either one or more of these effects may be present, 
depending entirely en individual conditions. The chemically 
complete molecules of gases and vapours do not act as 
current carriers They may condense round electrons or atomic 
ions, but under the influence of an applied electromotive force 
their charged nuclei leave them. 

The subject of the conductivity of electricity through 
gases is one of ever-increasing importance, particularly with 
regard to (1) the elucidation of arc phenomena, and (2) a proper 
understanding of the rapid developments which have taken 
place in connection with the thermo - ionic valve ; but it 
can only be studied effectively if an endeavour is made at 
the same time to obtain as clear an idea as possible of the 
internal mechanism of the atom. 

The Atom. Its Known Properties. — In order to construct 
a model of the atoni which approximates as closely as possible 
to the actual^ thing, we must build on the basis provided 
by all the well-duthenticated facts relating to its properties. 

Thus it has been definitely established that — 

1. The atom cdh tains electrons which are detachable when 
chemical action takes place, or when an electric current flows 
through a conductor. 

2. The atom exhibits tl^e effect of positive electrification 
when one or more electrons^ are taken from "it, and of negative 
electrification \ihen one or more blectrons are added to it. 

3. f^he atojn cs put into a very rapid state of 
movement by the application of heat, it gives rise to the 
light effects of the ^spectrum — ether vibrations of very high 
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frequency — which show that it contains electrons moving in 
some form of harmonic motion, the total resultant of which — 
as shown by the series of lines in the spectrum — is the same 
for all atoms of the same chemical element. 

4. If the atom is subjected to a violent bombardment by 
electrons, it sends off intense light waves of very short 
period and very high damping, known as X-rays, and liberates 
some high-velocity electrons which norrnally are not detachable. 

5. It possesses some special kind of force, or structure, 
which prevents these strongly held or '' bound ’’ electrons from 
being set free when the detachable electrons are set free. 

6. In the radio-active break-up of the heavy atoms of 
Kadium, Uranium, etc., other lighter atoms besides electrons 
appear to be expelled, as they put in an appearance a very 
short time afterwards. 

7. The atom has magnetic properties. 

Models of the Atom. — It was in 1897 that J. J. Thomson 
first put forward the suggestion that matter was built up 
from one form of primordial corpuscle — the electron — and 
that the whole of the mass of the atom was due to electrons 
either embedded in, or else held by a positive nucleus ; but 
after further study, and by deduction from several linei^ of 
reasoning, the same investigator came to the conclusion, 
which he published in 1906, that the number of bound 
electrons in the atom could not be very greatly different 
from one to three times the atomic weight of the chemical 
element concerned ; the balance of the niass therefore being 
due to the positive nucleus. Other evidence has since 
been quoted in support of this conclusiort, which is now 
very generally accepted. 

In the Thomson Model there are twc/ distinct parts : (a) 
a dense centrarmass made up of positive electricity and elec- 
trons forming a core, which remains unaffected by chemical 
changes, and does not enter intq the production of light, but 
is affected by X-rays, and is the source of radio-activity; 
and (b) one, or more, up’^ to eight electrons, revolving in 
a weaker positive field round thi'^ cjre, which aqt as the 
chemical bonds between atoms, determine valency, arei displace- 
able from the atom, and produce light by their vibrations. 
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The core is divided into parcels of positive electricity, 
which may be ejected with their bound electrons when the 
atom is radio-active. 

In the model proposed by E. Kutherford, the positive 
nucleus is of an extremely minute size, much smaller than an 
electron, and the electrons move round it in orbital motion at 
different distances and at different angular speeds, in the same 
way as in the solar system the planets move round the sun. 

N. Bohr assumes that the electrons in the atom revolve 
in circular orbits in the same plane about the positive nucleus, 
and at distances directly proportional to their speeds. 
Eadiation takes place when an electron falls from its orbit 
into another concentric to it, its speed being at the same 
time reduced to that of the electrons in the new orbit. 

In the J. W. Nicholson atom, the electrons revolve in a 
single ring round the nuclei or cores of positive electricity, 
which are larger than what Eutherford requires, and consist 
of complex structures of smaller positive nuclei and single 
electron rings. The vibration of each electron is normal to 
the plane of its orbit. 

These are the principal well-known theories which have all 
beeh exhaustively discussed elsewhere. It will be seen that there 
is considerable divergence between them, so that there is still 
much scope for speculation as to the true structure of the atom. 

Until scientific opinion is more settled on this question, 
the student may find it helpful to think of the atom as being con- 
structed in the manner now ‘to be described — which was devised 
by the author some years ago, — particularly as the structure 
suggested is ^eftnite, its simplicity renders it unnecessary to 
make many assumptions, and its reactions — which can be under- 
stood by the non-m^tthematical mind — will be found to provide 
simple explsftiations for most of the electro-afomic processes. 

The Electron Vortex Atom. — The formation of the atom is 
primarily due to the existence jn the ether of a zone of high energy 
, or positive pgtential,yffhiGh is broughtdown to mean energy 
density and equilibrium by the infaow of a sufficient number of 
electrons^ or negative charges. The total mass of the atom is due 
to electrcms. Unlike the valency electrons of J. J. Thomson 
and Stark, which are tied in a particular position between the 
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atoms which they link, every electron is in ordered and related 
motion, and thus is endowed with kinetic energy, which becomes 
immediately apparent should it for any reason leave the atom. 

The electrons are disposed in two main groups, the primary dis- 
tinction between them being on^ of speed. In the principal group, 
which corresponds to the atomic core hr positive nucleus of other 
theories as it limits the zone of positive potential, the electrons 
are all moving at a very high but variable velocity, which, ho we ver^ 
is not sufficiently variable to render them unstable in the group. 

The shape the electrons give to this group somewhat 
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Fia. 2. — The Electron Vortex Atom. 


resembles the ether vortex atom which ^Kelvin suggested in 
1867, as it consists of a series of concentric anchor rings, one 
within the thickness of the other, rotating round J:.heir common 
axis, Fig. 2. These rings in section show the electrons moving 
in a series of concentric elliptical orbits. ^ 

All the rings of a group rotate in the same sense, and all 
the orbits are in the same sense, and there is a fixed relation 
between these two directions. This electron vortex ring is 
flexible, as, according to the ethe:? forces jpresent, the speed of 
each electron is used partly* in translational snotion, partly in 
the vortex motion, and partly in tb^ rotational motion of the 
ring, which at times necessitates that the electrofis sh^^ll change 
their relative places in it ; but its internal stability is so great 
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that up to the present it has successfully resisted all analytical 
methods of investigation, with the result that the only electrons 
which are now supposed to be in the atom are those which are 
here described as occurring in the secondary group. 

The secondary group consists ojf a number of low-speed electrons 
revolving in circular orbits'in the aperture of the core, and in the 



Fig. 8. — Th#Trapping of an Electron by a. positively charged Atom (I.). 

plane of the atom ; the lowest in speed at or near the centre, the 
others at distances therefrom proportional to their velocity. 

All these electrons revolve in the same sense, but in the 
opposite sense to that of the qore. 

Atomic Properties and ^Reactions as explained by the 
Electron Vorter Theory. — The sbcondary group is formed in 
the following manner. Tbe rotation of the core produces a 
magnetic .field H (Fig. 3). Now any free electron, E, of 
suflBciently low speed passing transversely through this field 
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will be given a spiral movement, which will tqnd to be parallel 
to the core, but opposite to its direction of rotation ; and 
although the total speed of the electron will remain the same, 
its translational speed through the field will be reduced. This 
will allow the gravitational atjiraction of the mass of the atom, 
and any positive electrification associated with the existence 
of the core, to have greater effect, and the mean path of the 
electron will bend increasingly towards the atom. 

The electron E will thus be brought into a stronger field, 
and its spiral movement will be increased, until finally the 
whole of its velocity is turned into orbital velocity in the 
aperture of the atom, 
where it remains a ’ 
prisoner. 

Or, take the case of an- 
other electron, (Fig. 4), 
moving almost along the 
axis of the atom. If the 
atom has its full comple- 
ment of secondary elec- 
trons, and is therefore 
neutral^ the free electron 
B should be able to pass 
right through the aper- 
ture without being cap- 
tured ; although it may 
be deviated somewhat 
from its path, or it may 
displace a secondary 
electron from its orbit. 

But if the atom has 
less than its full comple- 
ment of secondary elec- 
trons, it will have an ^ 

external electromagnetic positively chp^ged Atom (ii.). 

field, and the smallest ^ > 

deviation of the path of electron F^ from parallelism with the 
lines of magnetic field will cause it to spiral. The trpjuslational 
movement of the electron will be checked, and finally, if the 
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field is strong enough, it will be reduced to that of the attract- 
ing atom, the balance being turned into orbital motion of the 
electron within the aperture of the atom. 

This operation will be repeated with other free electrons 
until the whole of the external fjeld of the core, magnetic and 
electrostatic, has been neutralised by the combined fields of the 
trapped electrons. 

The number of electirons in the secondary group is there- 
fore proportional to the revolutions per second of the core — 
that is, to its mean diameter — and also to the total number of 
electrons in the core. It is therefore roughly proportional to 
— but very much less than — the atomic weight. 

The balance of the magnetic fields of the core and the 
secondary group is not always perfect. 

If there is a i;esultant field — which must be in favour of that 
of the core — the atom will behave in a param^agnetk manner. 

A paramagnetic atom sets itself so that its field assists the 
external field ; the field of its secondary electrons will therefore 
be opposed to the external field and a disturbance of equilibrium 
will result. In certain cases the speed of rotation of the 
secondary electrons may be so slow, and their combined field so 
weak, that the application of an external field destr<^s their 
equilibrium altogether, with the result that the external 
magnetic field of the atom due to the core becomes enormously 
strengthened, giving rise to the ferro-magnetic effect. 

If there is a true balance, and therefore no resultant field, 
the atom will behave in a diamagnetic manner and will set 
itself so as to cjppose any applied external field. 

The low-speed secondary electrons form the supply from 
which is drawn the electron streams which give us current 
phenomena, whose presence in excess constitutes a negative 
charge on an* atom, and whose absence a positive charge. 

How such an atom becomes charged or ionised can be ex- 
plained as follows : — 

Owing to the (action of gravitation the speeds of the 
electrons in the . core will be* greatest at those parts of their 
orbits which are nearest t^ the core axis ; and any positive 
electrification associated with the existence of the core will 
have the same effect. This will cause a neutral atom — that is, 
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onehaving its correct complement of secondary electrons — to have 
a translational motion along its axis in the direction given by 
the electrons on the inside diameter of the core ; see Fig. 5. 

Now suppose we establish an electrostatic field along the 
axis of a neutral atom. The/i, if it 
is such as to increase the speed of tlffe 
electrons when they are travelling on 
the inside diameter of the core, it 
will oppose them when they are on ^ 
the . outside diameter ; the orbital /■ 
acceleration will be increased* and T 



therefore the translational speed of -j 

the core. The atom will move in ? | t 

the same direction as an electron 

under the influence of the same field, \ A 1 

from the negative pole or cathode, to ^ -j'- 

the positive pole or anode, and the ^ j ! 

external field will not tend to displace / | 

any of its electrons. \ /\ • /\^ / 

If an electron moving towards'' 1 7 ---*-- 

the anode overtakes the atom, it may 

, i J • J 1 . • Fig. 5. — The Translational Motion 

be captured, as in order to move in an Atom. 

the same direction as the electrons 

in the primary group it will endeavour to pass through the 

aperture. If this 

"Tirrrrrrrrrrr occurs the atom then 

becomes a negative 
ion^ (Fig. 6 (a)). 

J ^ J j -H" ■ 2 capable of neutral- 

i-,-. ^ iging positive 

j I " charge by the re- 

lease ^of the cap- 

anecat^vcon APOS.T.VE.ON fcured electroii. 

„ . , But if, on the 

* > contrary, the elec- 

trostatic field is such as to oppose the motion of the core 
electrons when they are travelling cj:i the inside diameter, and to 
assist their motion when they are on the outside, the orbital 
acceleration of the electrons will be lowered, the translational 


ifJ If* If* If* If 

A POSITIVE ION 

(W 
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velocity of the core will fall, free electrons travelling towards the 
anode will pass outside the core, and as the atom will be moving 
towards the cathode the field will tend to displace one or more 
low-speed secondary electrons and send them in the opposite 
direction. If this takes place,, the atom becomes a positive, 
ion (Fig. 6 (&)), and continues its journey towards the 
cathode. 

If high - speed electrons or cathode rays are projected 
through the atom, they will suffer dispersion due to the 
repulsion efiects of the secondary electrons which they pass 
on the way : the amount of dispersion will naturally depend 
on the number of electrons in this secondary group. 

When the core ebctrons are moving through the core aper- 
ture, they are nearer the centre of mass of the atom, which is. also 
the centre of its positive charge, and they therefore move faster 
than when "they are on the outer circumference. 

This speed variation of the core electrons generates light 
waves. As there are many electron rings in the core section, 
and as each ring in addition to its main acceleration has a 
distinct series of accelerations induced in it by speed changes 
in neighbouring rings, the ether waves which result cover a 
wide range of frequency. 

When an atom is bombarded by a stream of high-velocity 
electrons which its own magnetic field is not strong enough 
to divert to a narrow enough orbit round the atomic axis, the 
electrons plunge right into the volume of the core, and an 
effect equivalent to a collision is produced, although there is 
no actual contact with the core electrons. For a short time 
the whole coite ife set in a state of rapid vibration, thereby 
creating ether pulses of a very high frequency known as 
X-rays, which, in cdntrast to light waves, are highly damped, 
and therefore* do not as readily show the effects of interference 
and refraction. The impinging electrons are either shot out again 
at a different angle to that at which they entered the core, or 
else they displace and replace other high-speed electrons in it. 

Eadio-active effects come from the core. Sometimes they 
involve such large nunjberr of electrons that fresh cores are 
formed, which correspond in all respects to the core of one 
of the lightest known atoms. Helium. 
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We can reason this out as follows : — 

The stability of the atom is due to a balance of its 
internal forces ; these forces being due to the speed of the 
electrons, their negative charges which cause mutual repulsion, 
the positive potential of the^ space they occupy which holds 
them together, and their masses •which cause gravitationa 
attraction. 

Now suppose that for any reason rhe equilibrium of these 
forces is disturbed, so that the core is no longer able to hold 
all the electrons on its outside skin ; then this disturbance 
being felt all round the core, a number of electrons will be 
simultaneously shot off from it when they reach that position 
in each of their orbits at wkich their velocity is greatest — 
that is, when they are nearest to the core axis. 

But their release will render the atom stroiigly positive, and 
the pull back into the atom due to this cause will be assisted 
by the attraction of its mass, and the influence of its external 
magnetic field which their leaving has tended to increase, and 
which will cause them to rotate in a direction opposite to that 
of the old core. If the electrons are numerous enough their own 
mass will tend to keep them together, and as they all belong 
to the high-speed type, they will finally curl in again to\<^ards 
the atom (Fig. 7), and will arrange themselves in a new order 
of stability, part of 
their speed appear- 
ing as rotation in 
a new core, and part 
as orbital motion 
round its section, a 
fraction of the posi- 
tive potential of the 
space occupied oy 
the old core being 
at the same time 
surrendered to ihe 
new. 

The simplest atomic core to cons^truct in this way must 
undoubtedly be one of those which contain fewest electrons, 
namely, Hydrogen or Helium. While this process is in 
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Fig. 7. 
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operation, the rearrangement of the remaining electrons in the 
old core is generating X-rays. 

Finally, let us consider a simple case of chemical action. 
When two atoms of different elements which are travelling 
in opposite directions approach each other, they experience 
the gravitational attraction of their masses, which is assisted 
by the electrons on the nearest surfaces of the two cores 
moving in the same direction, and they will tend to draw 
together. If there is a large difference between them in 
diameter, the smaller ones will pass through the larger one ; 
if there is only a small difference, they will approach, and 
keep in a flexible companionship for a while, until the forces 
in the medium drive/them apart again. 

There is, however, an intermediate state, in which the 
difference in diameter is such that the smaller atom can either 
just enter the larger one, or else it can be made to do so by 
means of a forced shrinkage in its own case and an extension 
in the case of the other. 

When this happens, the two atoms hold together’ and 
move as one, and the process which brings it about is called 
chemical comhination, 

III F ig. 8, one of the so-called electro-positive atoms, such 
as Potassium, Sodium, etc., represented by the core of large 

diameter, is shown entering 
into chemical combination 
with one of the so-called 
electro-negative atoms, such 
as Chlorine, Bromine, etc., 
represented by the core of 
small diameter. 

The secondary electrons 
from the bore of large dia- 
meter are shown at the 
same time spiralling into the aperture of the small core, where 
they re-form in orbits with the other secondary electrons. 

Each core shrinks in itself, it may be a little or it may 
be much, due to the increased gravitational and electrostatic 
effects wl(ich insult from the combined action of the two 
masses and their charges ; but as they revolve in opposite 
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directions, they keep sufficiently free from each other to 
maintain their individual existence. 

The direction of translation of the newly formed molecule 
is now controlled by that of the more mobile core, the inside 
one. 

If the molecule is to be subjected to electric stress with 
the object of splitting it up again (Fig. 9), this stress must 
be applied in the direction which opposes the motion of the 
inside core, and assists the independent motion of the out- 
side core, so that it rolls forward on the other. 

When dissociation takes place, the inside core will therefore 
leave the outside core on the opposite side to that on which 
it entered ; it will be moving towards the cathode, and in 



consequence its capacity for holding electrons will be decreased, 
so that it becomes a positive ion, aiid takes less than its normal 
share of secondary electrons from the molecule ; while the 
outside core, travelling towards the anode, will, be assisted by 
the electrostatic field so that it retains more than its normal 
share of secondary electrons, and thereby becomes a negative ion. 
Approximate Relative Sizes of Vortex Atoms. — The 
approximate relative sizes in arbitary units of some of the 
most important elements, as calculated by the author on 
the basis of the Soregoing electron vortex theory and a further 
theory which introduces tie k^own atomic ^volumes, are set 
out in the following table, and in Fig. 10. 

It is unavoidable that the details of the method' employed 
must be omitted, as they are too involved to describe here, 
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Element. 

Atom. Wt. 

Mean 

Diameter. 

Sectional 

Diameter. 

Vortex 

Hatio. 



D. 

d. 

D/d. 

H 

1*008 

34*9 

17*8 

1*97 

He . 

3*99 

36*2 

22*8 

1*6 

C 

12 

306*9 

80*3 

3*85 

N 

14*01 

' 176-6 

62*4 

2*83 

0 

16 

103*5 

48*9 

2*13 

A1 

27*1 

673*2 

133*8 

6*08 

Si 

28*3 

501*8 

118*8 

4*3 

Ca . j 

40*09 

2388*3 

272*7 

8*77 

Fe 

55*86 

622 

148 

4*27 

Cu 

. 63*57 

320 

108*3 

2*98 

Ag 

107 88 

569*2 

126*7 

2*92 

W 

184*0 

960 

223*5 

4*33 

Pt 

195*8 

357*8 

137*2 

2*6 

Hg . 

200*0 

232*4 

111*8 

2*10 
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Fig, 

— The Relative 

5 Sizes of some Atoms. 


Speaking generally, the atoms of different elements which have 
the same ^ vortex ratio,” that is, the same ratio of mean diameter 
to sectional diameter, react chemically in a similar manner. 





CHAPTER II 


ON PHASE DISPLACEMENT EFFECTS IN ELEMENTARY CIRCUITS 

The Ether, and the Magnetic Field, — The Current along a Conductor, 
The Magnetic Field which accompanies it,^ and the Generation of 
Back E.M.F, — The Advantage of a Solenoid. — The Magnetic Fields 
due to Straight, Bent and Re-entrant Solenoids. — The Effect of adding 
an Iron Core. — The Phase Relationship of the E.M.F. required to 
drive a Current through a Circuit contaimng Resistance, Inductance, 
— both Resistance and Inductance. — The Electrostatic Field of a 
Condenser, — its Back E.M.F. — the Effect of a Direct Current Charge, 
and Independent Discharge. — A Condenser charged by an Alternating 
E.M.F, — the Phase Displacement due to Resistance in the Condenser 
Circuit . — 4 Circuit containing Capacity and Inductance subjected 
to a Short Application of a Steady E.M.F. — An Oscillatory Charge 
and Discharge following a Short Application of a Steady E.M.F. 
— Electromagnetic Radiation — The Conditions for Resonance in 
an Alternating Current Circuit. — The Effect on an Alternator of a 
Difference of Phase between the Current through its Windings and the 
Generated E.M.F. — The Limiting Power of an Alternator, — The 
Use of a Transformer to charge a Transmitting Condenser. — The 
Transformation Ratio — Phase Relationships in a Transformer . — 
The Magnitude Relationships of Current, E,M.F., Resistance, Induct- 
ance, and Capacity, in the Transformer Primary and Secondary 
Circuits, — Vector Quantities, and Vector Diagraigis. — Current, and 
Potential Vectors. — Transformer Vector Diagrdms ffor “ No Loadf^ 
“ Non-Inductive Load,^^ and Capacity LoadJ^ — The Phase Effects of 
Magnetic Leakage, » 

•3 

In this section we propose to. study the time '' or “ phase '' 
relation between the E.M.F. applied to a circuit and the 
resulting current^ 

An electric current in a solid conductor consists, as we 
have said, in the motion of a stream of electrons or negative 
charges. ^ ' 

Each of these charges eJarries with it an electrostatic 

17 ^ ^ c 
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field, which, when it moves, produces a shear or twist in 
the surrounding ether. This twist shows itself as the 
magnetic field. When the charge or its electrostatic field 
comes to rest, the ether recovers from the shear and the 
magnetic field disappears. The action which takes place 
may be illustrated by the following model. 

Imagine the ether to consist of a medium composed of 
elastic particles which can change their shape but not 
their volume, and which are tightly packed together under 
a constant pressure, as shown in section. Fig. 11 (exy Let 



(fl) (b) (c) 

Fig. 11. — Model illustrating the Generation of a Magnetic Field. 


this section be subjected to an electrostatic strain indicated 
by the vertical lines, which are supposed to be normal 
to it. If thfs strain is not relieved, the section of the 
medium remains unaltered. But if there are negative 
charges present which can be put in motion by the applied 
E.M.F., then they will travel along the path set out by 
the lines of force, passing between the ether atoms, and 
exerting a pressure on then* which will be greatest along 
lines radial to the centre of disturbance. This will cause 
the atoms to f'earrange thbmselves, so that they occupy 

1 The number Af ether corpuscles in (a), and (b), and (c) is supposed 
to be the same, and the cross-sectional area the same, This is not quite 
the case in these figures. 
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the same volume as before, but their dimensions on these 
radial lines will be less, and transverse to these lines 
will be greater, than the normal. They will form up in 
concentric layers, the thinness of the layers being in pro- 
portion to the speed and number of the moving charges. 
As the ether atoms in section will become longer and 
narrower, there will be rotation, or a spiral movement as 
they readjust themselves, each layer slipping over the next. 
Fig. 11 (b), until the equilibrium state is obtained, when 
the spiral collapses into a number of concentric rings, Fig. 1 1 
(c), and remains thus until the pressure is altered, either 
by a further increase or a .decrease. Hence the effect of 
shear or twist which is produced. 

As the sense of the shear relative to the direction 
of movement of the charge is always, the same, clockwise 
when the charge moves away from the observer, anti-clock- 
wise when it approaches him, the method of progression 
of the charge and therefore of the shrinking lines of force 
is possibly also spiral. When the charges come to rest, 
although the electrostatic field may be maintained, the shear- 
ing force on the ether has been removed and it reverts to its 
original homogeneous state. 

Let us consider what happens when a few of these 
charges move along a simple straight conductor under the 
influence of an applied E.M.F. The charges may be in 
local rotation before the E.M.F. ^ is applied, but as they 
have no movement along the length of the conductor they 
are relatively at rest.” In starting up frQin rest ” as 
so defined, a magnetic field is generated ^at-^right angles 
to their direction of motion, which grows in intensity and 
reaches a maximum when the number and velocity of the 
charges reaches a maximum, and spreads outwards into space 
at the speed of light. 

While the magnetic field is increasing in intensity, a 
Potential Difference is generated' in the ether-filled space 
affected by it, which is a measirt'e of the fotce with which 
the medium opposes the growth of > the shear, and if a con- 
ductor is linked with the field or cut by it, this force becomes 
apparent as an E.M.F. which causes ^a current toi flow along 
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the conductor in a direction which opposes the increase ; the 
reaction, in fact, being such as will tend to restore the 
disturbed equilibrium of the ether. The conductor carrying 
the moving charges which generate this magnetic field is 
equally subject to induction, ,as in the space it occupies 
the ether disturbance is a maximum. The value of the 
induced E.M.F. is proportional to the rate of change of the 
magnetic field, and therefore sinks to zero when the magnetic 
field ceases to change on reaching its maximum strength, 
which is another state of equilibrium for the ether. 

The magnetic field flows, or the ether shear is transmitted, 
from a position of high intensifiy to one of low, so that when 
the number of charges which pas^*^ a certain point in the 
conductor become less, and their accompanying magnetic 
field is weaker than the field already impressed on the 
ether, the existing field then flows back towards the exciting 
conductor. This causes the field in the immediate neighbour- 
hood of the conductor to become greater than that generated 
by the current and gives rise to an E.M.F. tending to 
maintain the current in the conductor at its old value. Also, 
any other conductor placed in the falling field will have 
a rising E.M.F. induced in it, parallel to, and in the same 
sense as, the exciting current. Finally, if we can imagine 
the charges proceeding an infinite distance up the conductor, 
the intensity of the magnetic field in the plane considered, 
the E.M.F. which can be induced by the magnetic field will 
once more reach zfero, as all the energy impressed on this 
section of the^ether will have been returned to the conductor. 

The thre^ stkges are illustrated in Fig. 1 2, in which the 
thick barbed arrows represent the charges in the conductor, 
the circles the magnetic field, and the thin arrows the space 
P.D. s, or their equivalent induced E.M.F.'s. At (a), where 
the current is a maximum, there is no back KM.F., but 
the outflow of the magnetic field and its intensity reach a 
maximum. > ^ 

At (b) the v^urrent strength has diminished, there is an 
inflow of m^netic tneigy back to the conductor as an 
assisting* E.M.F. ; while at (c), where the magnetic field is 
growing, there is an ^opposing E.M.F. 
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The arrows on the magnetic field indicate direction of 
shear, and not rotation, as it is evident that when the 
shear is growing the rotation will be in the same direction 
as the shear, but when the shear is disappearing the rotation 
will be in the opposite direction to the shear. 

The example just given is that of a variable direct 
current. If there is a long middle period of constant current, 
then, although the outer limit of the magnetic field, if it 
could be observed, will still show a flow outwards, at any 
given point near the conductor the field will be maintained 



Fig. 12. — The Relation between the Current in a Conductor and the Magnetic Field 
and Back E, M. F. in the Surrounding Space. 


at the same intensity, and therefore will not induce an 
E.M.F. in any stationary conductor. 

Suppose that instead of only a few charges we have 
to deal with a great number, which are subjected to an 
impressed E.M.F. in the conductor, varying in sense very 
slowly, but continuously. Then the speed and » direction of 
the flow of the charges will also vary in a corresponding 
manner. When the charges down the conductor instead of 
up as a result of % change in the# sense of the applied E.M.r., 
the medium receives a twist in the opposite direction, the 
magnetic field is reversed, and ch^n^es in its intensity are 
accompanied by increases and decreases in the* opposite sense 
of the E.M.F. it is able to induce in a conductor. There 
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will be a cyclic variation then of the magnetic field accom- 
panied by a cyclic variation of induced E.M.F. Providing 
there are no other absorbing circuits to consider, all the 
energy which leaves the conductor each cycle as magnetic 
field is returned to it later as induced E.M.F., so that there 
is no permanent loss to the conductor. 

These are the characteristics of an alternating current. 
If the alternating cuirent has a frequency of 50 cycles 
per second, the magnetic field will have travelled 930 miles 
within the interval of one quarter cycle from minimum to 
maximum current, and therefore before the field nearest 
to the conductor commences to flow back into it, so that 
supposing low frequency induction effects due to one exciting 
circuit are experienced in several simple conductors, which might 
be miles from each other and the exciting circuit, the induced 
KM.F.'s may be different in quantity, but they will all have 
practically the same time, or phase relationship. 

On the basis that the inductive effect of tlie magnetic 
field depends on the amount of linkage or coupling of the field 
with the conductor, a straight wire must be much less inductive 
than any form of coiled wire, and in this case, except at very 
high frequencies, the back E.M.F. is negligible. A straight 
wire is therefore often said to be non-inductive, but this con- 
dition is more nearly obtained if the wire is bent into a circle 
of one turn, and still more so if it is zigzagged or bent back 
on itself as a narrow loop, when the fields due to the parallel 
parts neutralise each other. 

By giving the conductor the form of a solenoid (Fig. 13), 
the part of tl^d field enclosed by it is linked many times with 
the circuit, and in consequence the self-induction effect is very 
pronounced. « 

What takes place is illustrated in Fig. 14. Every part of 
a turn generates its own section of magnetic field, the sections 
in the same plane join up and add their effects where the lines of 
force assist each otljer — that- is, inside and outside the solenoid, 
— but between ^the turns where uhey oppose they represent 
twists in the ether in opppsite directions and so balance out. 

The compound field thus formed expands outwards into 
space, and also inwards towards the solenoid axis. 
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But the field from any one inside part of the solenoid is 
met by the fields of equal strength expanding inwards 
from all other inside 

parts of the solenoid. / ^ ^ \ 

F urther expansion is I * ^ . \ 

thus stopped, and the • \ i 

total field strength, | 
or shear of the ether 
along the length of 
the solenoid, then 

averages out over the / ; ; » 

whole cross - section I 'v '*■" ' 

j V / / 

up to the mean area / 

of the turns. When \ " / 

the current through \ 

the solenoid con- 13.— The Magnetic Field of a Solenoid, 

ductor falls, it gener- 
ates a weaker field, and the stronger field already existing 
/ flows back into the turns 

1 ^ ! 4 and thereby generates an 

\ I / ! < "n E.M.F. proportional to the 

\ difference in the two fields, 

\ which tends to delay the 

N ! fall of the current. 

I ' 

f I The magnetic lines of 
. force always try to shorten 

' ' ^ themselves, as far as this can 

[ 1 be done consistent with the 

; j repulsion. Wljich exists be- 

/ j tween them. In other 

^ ^ ^ ^ \ / words, > the medium resists 

/ / I 1 \ \ shear and therefore tends 

J to localise it. 

Thus if the axis of the 

Fia. 14. — The Linking of the Lines due to each , ., . t , . 

Turn in ifhe Solenoid. solenoid IS slightly bent as 

> , shown in^Fig. 15 (a), the 

greater part of the external field^ which is not tied to the 

individual turns but to the solenoid as a ^ whole, is now 

generated on its concave side, so that a conductor must be 


-The Linking of the Lines due to each 
Turn in Ifhe Solenoid. 
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placed on this side to experience greatest inductive effect ; 
and finally, if the inductive circuit is made a closed spiral (Fig. 
1 5 (&)), all the linked field becomes totally enclosed, and there 
will be no external inductive effect. But it should be noted 
that although the intensity of the external field for the same 
solenoid alters in different directions with the curve of its axis, 
the strength of the internal field away from the ends is the 
same whether the axis is straight, or bent into a circle. 

If there are N turns of wire per unit length of axis of the 
solenoid which has a sectional area A, and a magnetising 
current I, then H, the magnetic force in lines per square 



(a) {b) 

Fiq. 16. — The Magnetic Fiel(^8 of Bent and Re-entrant Solenoids. 


centimetre, is in each case 47rNI ; and F, the total field 
strength, is 4‘^NAI. The self-induced E.M.F. which results 
from a change of field is therefore the same in each case. 
This means that the length of the path taken by the magnetic 
lines of force; is only of importance as regards the distribution 
of the ether strain, it does not introduce any term equivalent 
to conductor resistance, the strength of the field depending 
solely on the dimensions of the solenoid. 

If the core of the solenoid is now filled with a continuous 
ring of iron the magnetisa^tion will be very much increased. 
The magnetic force wilF become fiR = B, the relation between 
the field strength in air and in iron being shown by the HB 
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and H/a curves, Fig. 16. But in this case the field strength is 
very much greater than what would be obtained if the same 
solenoid were to be opened out so that its axis was straight, 
owing to the demagnetising action of the free ends of the iron 
core, and it has been found useful for purposes of calculation 

I 

to introduce the term “ reluctance,” expressed by = — , as 

the equivalent resistance of the magnetic path when it contains 
iron. 

The E.M.F. 
which it is neces- 
sary to apply to a ^ 
circuit in order to 
cause a current to « 
flow in it must 
clearly depend on 
the forces which ^ 
have to be over- 
come in that circuit. 

There is first 
of all the opposi- 
tion of the atoms of 16.— The Effect of Iron in a Solenoid, 

the metal to the 

passage through them of the travelling charges, or current 
I, which is covered by the term “ Eesistance,” and denoted 
by K. The force which has to be overcome in the con- 
ductor is given by the product I x R; it synchronises ex- 
actly with the current, commencing the instant that the current 
starts, and ending the moment it stops. Tho E.M.F. required 
to overcome this force will therefore be opposite in direction, 
equal in amount, and synchronous with the current, and is de- 
noted by Vr. The energy of the E.M.F. which is employed in 
overcoming resistance does not result in any elastic reaction in 
the circuit as with inductive, or capacitative, or electrolytic 
effects, it completely disappears fsom the circuit in the form 
of heat. But when the cutrent alters its strength we have 
shown that, in addition to the fojces of " Resistance,” the 
opposing forces of Induction ” have also to be overcome by the 
applied E.M.F. and these are not synchronous with the current. 
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Fig. 17. — Alternating Current and Potential 
Curves for a Circuit containing Induct- 
ance only. 


As the current falls, the induced E.M,F. commences to rise 
on the same side of zero, Fig. 17. This is equivalent to the 
current having completed one quarter cycle of alternation 

before the induced E.M.F. 
has started its period, or to 
a lead on the induced E.M.F. 
of 90°. 

As the applied E.M.F. 
must be equal in amount, 
and opposite in phase or 
direction to the induced 
E.M.F., the current therefore 
, ' lags behind the applied 

E.M.F. by 90°. In' this case the resistance of the circuit 
is supposed to be negligible, so that the curve required 
to overcome resistance is not shown. 

As already pointed out, the growth of the magnetic field is 
synchronous, or in phase, with the current ; but the assumed 
rotation of the ether causing the shear will be in phase with 
the applied E.M.F. 

Suppose we have to apply an E.M.F. to overcome both 
resictance and induction 
effects in a circuit. The 
separate E.M.F.’s required 
are shown by the curves 
Vr and Vl, Fig. 18(a). 

Then if the ordinates which 
give these two curves are 
added togetlj5r,* we get 
the curve (Vr + Vl), Fig. 

18 (Z)), from which dt will 
be seen thaj) the current Fig. 
now lags behind the ap- 
plied E.M.F. less than 90°. 

Thus the effect of resistance in an inductive circuit is to 

( 

decrease the angle of lag of Jhe current relative to the applied 

E.M.F. 

Wheq an RM.F. is‘ applied to a circuit containing a con- 
denser, negative charges are torn from the dielectric and 



18. — Alternating * Current and Potential 
Curves for a Circuit containing Induct- 
ance and Resistance. 
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Fig. 19.- 


»-The Electrostatic Field of 
a Condenser. 


stream along the conductor from the condenser on the one side, 
which is thus made positive, and towards it on the other, 
which therefore becomes negative. 

Arriving at the condenser the charges can go no further. 
They pile up on the surface of 
the dielectric and are held 
there by the applied E.M.F., 
which acts against their own 
electrostatic forces urging them 
back to the atoms from which 
they have been torn, Fig. 19. 

The lines of force of the 
electrostatic field which is there- 
by set up take all paths between 
their terminal charges, direct 
through the dielectric to the 
positive side of the condenser, 

and between the conductors connected to the plates of the 
condenser, thereby establishing a static P.D. ; and in addition, 
while the current is still flowing, this P.D. will show itself in 
the conductors as a back E.M.F. 

It is clear that the greater the number of charges which 
are thus piled up, the greater must be the field through the 
condenser and its equivalent, the back E.M.F. in the conduct- 
ing circuit, which, as it 
grows, reduces the charg- 
ing current, and on reach- 
ing the value of the ap- 
plied E.M.*F., stops the 
current altogether. 

Th^ rise and fall of the 
charging current and the 

Fig. 20. — The Current and Potential Curves of rise of the back E.M.F. 
a Condenser charged by a Steady E.M.F. j • n c ^ 

ami then discharged. . the inauence of a 

> constant applied E.M.F. 
are shown in Fig. 20. If after an intervel T, the applied 
E.M.F. is removed, the back E.M.K causes a current to flow 
in the opposite direction through the circuit, thus discharging 
thd condenser. The current first rises, reaches a maximum^ 
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and then falls, while the back E.M.F. steadily falls, and 
both reach zero when the condenser is completely discharged. 

Suppose the condenser circuit is now subjected to an 
alternating current. If its resistance can be neglected, the 

only force to be overcome 
in the circuit is that of the 
back E.M.F. This must 
continue to rise as long as 
there is any current flow- 
W ing and therefore any 

Fia. 21. — The Current and Potential Curves of charges tO pile Up on the 

condenser. On reversal of 
c the current the charges will 

return to the circuit and the back E.M.F. will fall. When the 
reverse current reaches its maximum, all the charge will have 
left the condenser and be in the conductor, and the back 
E.M.F. will have fallen to zero. 

As the applied E.M.F. must be opposite in phase and 
equal in magnitude to the back E.M.F., we therefore get 
E.M.F. and current curves as shown in Fig. 21. The current 
is just commencing to fall 
as the applied E.M.F. is 
beginning to rise ; it is 
therefore said to lead the 
applied E.M.F. by 90°. 

If the E.M.F. is now 
added which is required to 
overcome ohmic resistance 
in the conductor, which 
must be in phase with the 
current and proportional to 
it, as shown* by the curve 
V,., Fig. 22 (a), the com- 
pound curve Fig. 22 

(J), is obtained, from which it will be seen uhat the effect of 
resistance in a ( Circuit containing capacity is to reduce the 
lead ” of the current on the applied E.M.F. 

If we have a circuit which contains inductance, capacity, 
and resistance, and a D.C. E.M.F. is applied to it (Fig. 23), as 



Fio. 22. — The Current and Potentiate urves of 
a Condenser Circuit containing Resistance, 
charged by an Alternating E. M.F. 
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the current rises energy is first stored in both the inductance 
and capacity, and dissipated in the resistance ; when the current 
falls as a result of 
the steady increase 
of back EM.F. 
exerted by the ac- 
cumulating charge 
in the condenser, 
the energy in the 
inductance is 
given back into 
the circuit and 
used to complete 
the charging of 
the condenser, 
while the resistance 
current ceases. 

If, after an interval T, the external E.M.F. is removed, the 
back E.M.F. of the condenser starts a current in the reverse 
direction through the circuit accompanied by an alternation of 
induced E.M.F., which first takes energy from the current and 
then returns it, while the resistance absorbs energy until the 
current ceases. 

This is the simple case where E produces a dead-beat 


CONDENSER BACK E M F 

Fig. 23. — The Charge and Di^eharge Curves of a Circuit 
containing both Inductance and Capacity, and excited 
by a Steady E.M.F. 


continues to absorb energy until the 


current. But if E is less than 




the current rise 


IS 


greater, the condenser discharges quicker, and more energy is 
released in the circuit than can be immediately used up by 
the resistance. It becomes stored in the inductance, which 
later on returns it to the circuit as the cu,rrent falls, with the 
result that the current does not end when it reaches the zero 
line, but reverses and recharges the condenser in the opposite 
direction, and there results a series of surges of current and 
potential until the whole of thb energy is finally dissipated 
(see the right-hand part of Fig. 24). Here we come in touch 
with the phenomena of oscillatory currents, in which the 
energy of the circuit changes its* character at regular 
intervals from potential to kinetic and kinetic to potential. 
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^INDUCTIVE E.KF 


like the energy of a swinging pendulum, until it has all been 

absorbed by the 
circuit resistance. 

A condenser 
charged by direct 
current through an 
inductive circuit of 
low resistance ex- 
periences similar 
ripple effects, as 
is shown in the 
left-hand part of 
Fig. 24. 

Now when a 
Fig. 24. — An Oscillatory Charge and Discharge. circuit is Set in 

electrical oscilla- 
tion in this way it vibrates at its natural period, and the 
frequency of the oscillations “ n ” can be calculated from the 
known values of L, C, and R. If R is negligible. 





Jl 

BACK E.M.F.1 U 


1 

The natural period of any circuit is such that the time taken 
to store a given amount of energy in its magnetic field is the 
same as that required to store the same amount of energy in 
its electrostatic field. At any instant the energy given up by 
the condenser is being conserved by the magnetic field and 
dissipated by the resistance, and at the instant the magnetic 
field commences ‘ to give up its energy, the condenser com- 
mences to absorb it. 

An oscillatory current can be started by interrupting the 
charging cuiTent of a condenser so suddenly that the E.M.F. 
induced in the conductor by the rapid change in the magnetic 
field is sufficient to cause a^ spark to jump the gap at the 
point of interruption, A, Fig. 25. The almbst complete dis- 
appearance of the gap resistance releases the pent-up energy 
of the condenser, which, if more than the circuit can immediately 
absorb, starts a current surge backwards and forwards through 
the gap at the natural frequency of the circuit. Instead of 
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suddenly interrupting the charging current, the potential of 
the condenser can be increased until it reaches the critical 
value of the gap A, when breakdown occurs with accompany- 
ing surges of current as already described. As the current 
rises the condenser potential falls; as the current falls the 
condenser potential rises. 

The current creates a magnetic fieW in space, the charge 
in the condenser creates an electrostatic field in space, and the 
two fields permeate each other in planes at right angles. 

If the charges come to rest, the electrostatic field reaches 
a steady state, and the magnetic field dies out. But if the 
charges move in such a way as, to make the electrostatic lines 



Fig. 25. — Electromagnetic Radiation from an Oscillatory Circuit. 


of force cross each other, the lines join up and break off in 
closed loops, and travel into space linked with the expanding 
magnetic field, which as long as it is so linked does not die 
out. Tliis is electromagnetic radiation. 

The point of greatest current in the oscillat'ory circuit, and 
therefore strongest magnetic field, is midway along the in- 
ductance of the conductor, and this is ^also the position 
of zero potential. Towards the condenser, either way, the 
potential grows and wanes, alternately positive or negative. 

When, during a surge, the potential of the condenser 
commences to rise, electrostatic lines of force generate at this 
point and expand into space, while their end« travel to the 
condenser along the conductor and ni>rna^l to its surface. 

When the potential falls these lines collapse again to the 
position from which they started, but portions of them never 
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return, owing to the formation and separation of the closed 
loops as the charge reverses in the condenser. 

Whereas in the oscillatory circuit itself, the potential 
causing a surge leads the current by 90°, and the electrostatic 
field in space which is attached to the circuit must therefore 
also be 90° out of phase with the magnetic field, the detached 
loops of electrostatic strain almost immediately settle down to 
an in phase ” relationship with the magnetic field. 

Let us now study the results which follow from the 
application of a simple alternating current to a circuit contain- 
ing inductance, capacity, and resistance. 

It is clear that if inductajice causes the current to lag, 

and capacity causes the 
current to lead, then it 
should be possible to find 
such values of inductance 
and capacity that the two 
effects balance, and the 
current remains in phase 
with the impressed E.M.r. 

This condition is reached 
when the amplitude of the 
back E.M.F. due to the in- 
ductance is equal to that 
due to capacity, Fig. 26 
(a), the potential measure- 
ments Vj^ and being 
made as shown in Fig. 
26 (6). Th% ohly E.M.F. which must then be applied to the 
circuit to drive a current through it is that required to 
overcome its ohmic resistance, which is in phase with the 
If the wave form of the applied E.M.F. is sinoidal 
resistance of the circuit is comparatively small, 
back E.M.F. due to the condenser is given by 




Fig. 26. — The Conditions for Resonance in an 
Alternating Current Circuit. 


current, 
and the 
then the 

V = — ^ 

' 27rnG 

= 27r7iLI, 
so that if V- = Vi 


an^ the induced E.M.F. due to the inductance by 


hy 


2TrnQ 


= 27r?iLT and 71 = 


27rx/LC 
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which is the expression for the natural frequency of the 
circuit. This is the condition of Resonance, which is obtained 
when the applied frequency is the same as the natural 
frequency, and which requires a minimum terminal E.M.F., 
measured across both inductaifce and capacity (Fig. 26 (5)), 
to produce a given value of alternating current, or, if the 
terminal RM.F, is fixed, produces a m^imum current. 

And it follows that if the terminal E.M.F. is kept 
constant, the current being a maximum, the potential drop, 
measured across either the inductance or capacity which 
depends on the current, will also be a maximum. 

It is useful to note here the effect on the supply from the 
alternator of a difference of phase between^ the current through 
its armature windings and the induced E.M.F. The induced 
E.M.F. corresponds to the terminal voltage on open circuit, 
but not to the terminal voltage on load, which then has a 
phase relation with the current determined by the armature 
impedance. If the total lagging effect of inductance in the 
circuit as a whole is not balanced by the total leading effect 
of capacity, the current through the armature will either lag 
behind, or lead the induced E.M.F. 

The drop in terminal voltage between no load and full 
load is determined (1) by dead losses, due to the ohmic 
resistance of the winding, and eddy currents induced by the 
varying armature flux ; (2) the inductance of the armature 
winding ; (3) the phase of the armature current. 

A lagging current increases the armature demagnetising 
ampere-turns, so that the main field is weakened and the 
induced E.M.F. is lowered. A leading current reduces the 
demagnetising ampere-turns and therefore , tends to increase 
the induced E.M.F. 

The maximum output of an alternator is determined by 
its induced E.M.F., and its reactance, which is principally 
inductance. The limiting or short circuit current of the 
machine will be that curre^nt wliich will produce a back 
E.M.F. equal to the induced E.M.F. 

Then for a given E.M.F., Ihe larger «bhe indujstance of the 
alternator winding the bigger the drop on load, the smaller the 
limiting current, and the less the maxijnuia output. 

D 
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If E = induced E.M.F., 

L = effective alternator inductance on full load, 

I = short circuit current, 

X — some constant, 

then a rough rule for the limiting power in watts, W, of an 
alternator on non-inductive load is given by 

.xr t T T. E E^ 

W = xKI = ojE X = X - , 

27rnh 2irnij 

and for usual work W = — • 

2O71L 


It can be shown also that this formula covers the case of an alternator 
working on a circuit in resonance with the alternator frequency. 
The condenser in the radio transmitting circuit is not 

j usually connected to the 

[ jj ][ [ generator in the direct 

I f f ) Ji<)| I manner shown in Fig. 26 

I /yYvy f 4 > 1 1 : 1 1 ! I (^)> through a trans- 

I former (Fig. 27), which pro- 

T. m -x.. ^ , raising the supply voltage 

Fiq. 27. — The Transmitting Condenser con* ^ 

nected in Circuit through a Transformer. tO the charging potential re- 
quired to give the necessary 
power to the H.F. discharge circuit. If we take the ring solenoid 
with its continuous iron core discussed on p. 24, we can make a 
transformer of it by winding on a second solenoid over the first. 

Then any change in the magnetic state of the iron jTro- 
duced by a varying current in the first coil, the '‘primary,’’ 
will induce* an E.M.F. in this coil as well as in the second 


coil, the " secondary,” which will be proportional in each 
case to the number of turns of the respective coils. 

If the* resistance of the primary can be neglected, and 
all the lines generated by the primary pass through the 
secondary, the ratio of the induced E.M.F. of the secondary 
to the E.M.F. injpressed on the primary for the purpose of 
overcoming its back E.M.F. will oe 





where T is the transformation ratio. 



PHASE DISPLACEMENT EFFECTS 35 

If the resistance of the primary can be neglected, the 
magnetic field will be synchronous with the primary current, 
and the EM.F.’s induced by the variations of the field will 
lag 90° behind the primary current. 

If the secondary is open-qircuited so that only the back 
E.M.F. in the primary has to be considered, the transformer 
behaves like a simple inductance coil ; but if a current 
is taken from the secondary, the magnetic field associated 
with it introduces a new set of reactions. 

A non-inductive load on the secondary will have the 
current through it in phase with the terminal voltage, 
but the same current will lag 90° behind the induced 
E.M.F. ill the winding and therefore' 180° behind the 
primary current. Its field will therefore be in opposition to 
the field produced by the primary, so that the total magnetic 
induction will fall. But immediately it falls, the back E.M.F. 
in the primary falls, and if the applied terminal potential 
is maintained, the current rises and new flux is produced as 
fast as the old flux is used up as current in the secondary 
winding. Thus the transformer within its working range 
is self-regulating. Since the back E.M.F. remains constant 
while the current experiences a considerable increase, the 
effective primary inductance of the transformer correspond- 
ingly falls, and the current gets more in phase with the 
applied E.M.F. 

The current through the primary winding therefore 
produces a constant magnetisation of the core from no 
load to full load, and also provides the magnetic flux 
necessary to meet the opposing flux of the secondary circuit. 

As in modern transformers the magnetising current is 
only a very small fraction of the full load current, the 
primary ampere-turns at full load therefore practically equal 
the secondary ampere-turns. 

•I. 1 

I,N. = I,N,.then = = 

Or, the ratio of the secondary .nurijent to the primary 
current is inversely proportional to the transformation ratio. 

Now as all secondary circuit E.M.F.'s and currents are 
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dependent on the main E.M.F. and current induced in the 
transformer secondary winding, equivalent values in the 
primary circuit can be found for them by using the 
transformation ratio as it is applied to this winding. Thus 
a non-inductive resistance across the secondary circuit can be 
measured by the ratio of the terminal potential to the 
current I^. 

K, ^ 1*, and therefore = T x T = T^ and 

Or, a secondary resistance must be divided by the square 
of the transformation ratio t 9 give the equivalent primary 
resistance. 

Again, a secondary inductance can be measured by taking 
the drop in volts across it, and the current through it. 


then L: 




27rnl, 


The two variables and have a similar relation in the 
measurement of resistance, and the equivalent value of 
inductance in the primary circuit can therefore be found 
by applying the transformation ratio as for resistance — 



A capacity C^, however, hes an inverse relation to a resistance, 
thus 

C, = -ii_ , 

2,r7iV„’ 

and therefore a capacity in the secondary circuit requires 
to be multiplied by the square of the transformation ratio 
to find its equivalent in the primary circuit, 

Then it m clear that ‘ a condenser which is connected 
to the main circuit < through a transformer is still able to 
cause a'^leading current in the main circuit. 

The effective back E.M.F. in the main circuit measured at 
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the terminals of the transformer primary will be given by 
the expression 


V = 

2,mC.r 


27rwL(pIj„ 


where is the effective leakage inductance of the trans- 
former, which, in a properly Constructed machine having a 
closed iron core, is usually negligible. * 

If the current is leading, the transformer terminal potential 
will be greater than the terminal potential measured across the 
circuit inductance external to the alternator, plus the potential 
drop which must be allowed for the inductance in the 
alternator. • 

Vector Diagrams. — Alternating current problems involve 
vector quantities, that is, quantities which are only completely 
specified when their magnitudes are given with reference to 
their time or phase, and direction or sense, relationships ; 
and their actions can be studied most conveniently, therefore, 
by the use of vectors — lines which, by their length, inclina- 
tion, and direction, represent such vector quantities. As 
a first illustration consider the variation during one complete 
period of a single vector 
quantity such as E.M.F. 

Draw a vertical line XX 
(Fig. 28 (a)), and from its 
middle point 0 mark off a 
distance OE representing 
the E.M.F. vector (maxi- 
mum value) of an A.C. 
circuit. 

Then the revolution of OE about 0,* returning to its 
original position on XX, will represent one complete alterna- 
tion or cycle of 360 electrical degrees, or of 2 tt radians. 

In order that the E.M.F. vecjior may be correctly shown 
in having its maximum value OE on XX, as the E.M.F, 
only reaches its maximum Value after one quarter cycle, 
that is, at a phase position of 9(^°, ^he phase position of 
OE must be measured relative to an axis YY at right angles 
to XX. Let OE revolve about O in a clockwise direction 



(a) • (^) 

Fig. 28. — An explanatory Vector Diagram. 
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taking up the successive positions OE^, OEg, OE 3 , etc. Then 
the projections of the rotating vector on XX will give its 
instantaneous values, positive or negative, at the phase positions 
measured relative to YY, and these are plotted in the 
usual manner (Fig. 28 ( 6 )) with phase angles or time as 
abscissae and E.M.F. values as ordinates. 

If we are concerned with more vector quantities than one, 
whicli all have the same frequency of alternation, and we wish 
to show the phase relations which exist between them, then it 

is sufficient to draw 



Fig. 29. — Vector Diagrams invol/ing Induct- 
ance, Capacitance, and Resistance Quantities. 


vectors representing 
their maximum or their 
E.M.S. values from a 
common centre 0 , and 
relative to a single axis 
YY. 

Thus in Fig. 29 (a), 
01 is the current vector 
and OE the vector of 
impressed E.M.F. which 
leads it by a phase angle 
6 . By dropping a per- 
pendicular from E on to 
YY, OE can be resolved 
into a component OE^ in 
phase with the current, 
which is therefore the 


E.M.F. required to over- 
come the ncfn-hiductive resistance of the circuit, and another 


component EE^, or OE^ leading the current by 90°, required 


to overcome the inductive reactance of the circuit. 


The potential difference due to resistance, the induced 
potential, and their resultant, which the resultant impressed 
E.M.F., OE, is required to overcome, are shown by the vectors 
OIE, OVl, and OV, in Fig. 29 (6), equal m magnitude but 
opposite in sense to the vectors OEr, OEl, and OE, in Fig. 
29 (a). 

If it be understood that all phase angles are measured 
relative to a horizontal line drawn right or left of 0 , as con- 
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venience may decide, we can make one of the vectors the line 
of reference in place of the axis YY. 

Let it be required, for example, to find the difference in 
phase between the current and the impressed E.M.F. in a 
circuit containing resistance, inductance, and capacity. 

Then proceed as in Fig. 29 (c), and from a centre 0 set 
off the current vector 01, which will be our axis of reference. 

As the E.M.F. required to overcome resistance is in phase 
with and in the same direction as th^ current, the potential 
drop due to the resistance, IE, can be shown by the vector OIK 
in line with 01, but opposite in direction ; the inductance 
reactance which lags 90° behind the current can be represented 
by the vector OV^, and the capacity reactance which leads the 
current by 90° can be represented by the vector OV^.. 

We have first to find the resultant of OIK, OV^, and OV^ ; 
then draw a vector equal in magnitude to it, but opposite in 
sense, to represent the impressed E.M.F., and finally to measure 
the phase angle between this vector and the current vector. 

Complete the parallelogram OIK, V^+l, Vj^, and draw the 
diagonal OVr_j.l. Then OVr^.^ is the resultant of two of the 
vector quantities, namely, the resistance drop and inductance 
reactance. Next combine this resultant with the vector of 
capacity reactance by drawing the parallelogram 0, 

its diagonal OVr_^i^ 4 .c. The E.M.F. which is 
required to overcome this final resultant P.D. is shown by the 
vector OE, equal in magnitude but opposite in sense to 
OVr^l^cj which makes an angle of 0° lag with the current 
vector. 

To avoid misunderstanding it must be emj)kasised that re- 
sistance is not a quality which keeps energy in the circuit ; it 
acts as a valve only, and lets energy outj The 180° phase 
difference of the vector OIK, as shown above, has therefore no 
significance in the circuit, but it is of use in the diagram to 
obtain the resultant of all the forces which the applied E.M.F. 
is required to overcome. * ^ 

Vector diagrams are pa^*ticularly useful in giving a clear 
presentation of the current, flux, and voltage refationships which 
exist in transformer circuits. The"^dia§ram Fig^ 30 ^ives con- 
ditions in a transformer at “ no load.” 
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Since the secondary is open-circuited, we have only to 
consider the conditions in the primary circuit. 

The vector OM represents the core 
flux, and 01^ marked off along it repre- 
sents the magnetising component of the 
current, which is in phase with the flux. 
Since the back E.M.F. induced in the 
primary lags 90® behind the flux, its 
njagnitude and phase are given by the 
vector OEj. If we neglect the E.M.F. 
which must be supplied to overcome 
resistance — which must, of course, be 
in phase with the resultant current — 
the pressure applied to the primary will 
be 180° in advance of OEi, and there- 
fore is represented by the vector OE^. 
As the energy component of the current 
— that is, the part which is required to 
make good the hysteresis, eddy current, 
and resistance losses — must be in phase with E^, it is shown 
as 01,. 

Completing the parallelogram 0, I^, I,, and drawing its 

diagonal, gives us the resultant or main current vector 01^, 
which lags — in most cases about 50° — behind E^, the 
E.M.F. applied at the terminals of the transformer. 

In order to simplify the construction of the '' load '' diagram 
of a transformer it is usual to treat all the values, primary and 
secondary, as if they were in one circuit, the primary. The 
vectors of all the^ secondary values are therefore shown reduced 
to their primary circuit equivalents as found by the transformer 
ratio formulae, pp. 34—37.' This method does not introduce 
additional error, nor does it affect the relative phase angles 
which the vector diagram is principally required to show. 

The non-inductive '' load diagram for a transformer which 
has no magnetic leakage — that is, one in which all the flux 
generated by the primary current ^'uts the secondary winding, 
and all the flux"^ generated by the secondary current cuts the 
primary winding — is shown in Fig. 31. OM represents the 
core flux as before, and OE^ the back E.M.F. in the primary in 



Fig. 30. — A Transformer 
“No Load" Vector 
Diagram. 
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quadrature with it. Then OE^, when multiplied by the trans- 
formation ratio T, will also give in magnitude and phase the 
back E.M.F. in the secondary. The no-load current I^, in- 
volving the magnetising and energy components shown in Fig. 
30, is represented by the vector 01^,. 

The load being non - inductive, the 
secondary current must be in phase with 
the secondary E.M.F., and is therefore 
shown by the vector 01^ superposed 
on OEi. 

Now the full-load primary current is o 
the resultant of the no-load current 
and a component equivalent to*, but oppo- , 
site in sense to, the secondary current. ‘ 

Then 01^, equal in length to 01^ ** 

but leading it by 180°, will represent 
this second component, which, when com- 
pounded with OIq, gives the primary 
current vector 01^. 

The magnitude and phase of the 

1° j 1. i.1 ' 1 31 .— A Transformer 

E.M.F. applied to the primary can be “Non-Inductive Load” 

got by following up the construction a Vector Diagram, 
step further. 

This E.M.F. has two functions — (1) to balance the back 
E.M.F. ; (2) to overcome the potential drop due to resistance. 

The component which carries out the first operation is 
shown by the vector equal in magnitude but opposite in 
phase to OEi ; while the second component is OV^, which is in 
phase with the primary current and therefore jiiVked off along 
the vector 01^. 

Then the resultant vector OE^, leading -> the current by the 
phase angle 0, represents the E.M.F. applied to the primary. 

The terminal potential on the secondary at full load is re- 
presented by 

. 0Es = 0E;-e,Es, 

that is, by the induced E.M.E. minus the potential drop due to 
the resistance of the secondary wincjjing. 

A comparison of Fig. 30 with Ffg. 31 shows iihat the 
change from no load to non-inductive load lessens the angle of 
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lag between the applied RM.F. and the current, and in practice 
this angle is so small that for most purposes the potential 
applied to the primary may be considered to be in phase with 
the primary current. 

If the load on the secondary is inductive the secondary 
current lags, and its field is thereby rendered less effective 
in neutralising the field due to the primary current, with the 
result that the angle of lag between the applied E.M.F. and 
the current is increased. 


Thus an inductive load on the secondary has the effect of 

adding an equivalent inductive 





Fig. 32. — A Transformer “ Capacity ^ 
Load” Vector Diagram. 


load to the primary. 

The case of a capacity load ” 
on a transformer which is sup- 
posed to have no magnetic leak- 
age is worked out in Fig. 32. 
The vectors of core flux OM, no- 
load current 01^, back E.M.F. in 
primary or secondary OEj, are 
drawn as in the non - inductive 
load diagram. But the second- 
ary current 01^, instead of being 
synchronous with the secondary 
E.M.F., now leads it by the phase 
angle 0^ 

The component of the prim- 
ary current required to balance 
the secondary ampere - turns is 


drawn e^fUal and opposite to 01^. Compounded with 
OTq it gives the primary full-load current 01^. To obtain the 
vector for the terminal E.M.F. impressed on the primary, draw 


equal apd opposite to OEi’ and therefore representing the 


vector of potential required to overcome the back E.M.F. ; also 


mark off OV^ along 01^, representing the ohmic potential drop 
in phase with the current. Then the resultant of Oe^ + OV^ 
= OE^, the pripiary ^terminal E.II.F., and in this case it is 
seen that the primary current leads the terminal E.M.F. by 
the phase anglb 


The secondary terminal E.M.F. can be got by compounding 
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the induced E.M.F., represented by the vector OEi, with E^E,, 
representing the secondary ohmic drop, which, as it is in 
phase with the secondary current, is drawn parallel to 01^. 
We thus obtain the vector OE^. Then the effect of a leading 
current in the secondary is tojdecrease the normal lag of the 
current in the primary. If the angle of lead in the secondary 
is large enough, it will also cause the primary current to lead, 
but to a less extent. * 

If the transformer has magnetic leakage (Fig. 33), the lines 
of force generated by either coil which do not thread through 
the other, produce an effect in the circuit of added series in- 



Fig. 33. — Magnetic Leakage in a Transformer. 


ductance, and the vector diagrams become more complicated. 
The general results of magnetic leakage are — (1) to increase the 
phase difference between the primary applied E.M.F. and the 
current ; (2) to lower the transformation ratio on inductive 
load. On non-inductive load the ratio remains practically 
unaffected. 
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THE SPARK DISCHARGE 

A Common Method of starting an Oscillatory Gurrent — Amplification of 
Current and Condenser P.D. due to Resonance. — The Condenser Dis- 
charge Circuit. — ThSi Timing of the Discharge^ — The Factors which 
should determine it — The Paths open to the Discharge. — The Resistance 
of the Qapf — Discharge when the Main Gurrent is falling. — The Condition 
of the Gases in the Spark-Gap. — Necessity for Metallic Vapour. — Relation 
of Gap Conductivity to Power in the Spark — Resonance in relation to 
Spark Discharge. — Resonance when Sparking^ — Conditions required . — 
The Case for the Leading Charging Current^ — And for the Lagging 
Charging Current. — The Lagging Effect of the Discharge^ — The Phase at 
which the Spark Discharge should he taken^ varies with the Conditions 
of each Circuit. — The most Efficient Type of Charging Circuit. — The 
Principle of the Marconi Disc Discharger. — The Scale of Spark Phase . — 
What it indicates — The Burning of the Electrodes by the Spark — The 
Use of Disc Electrodes. — The Effect of Windage. — The Arc at Breaks — 
The Importance of the Time of Interruption of the Spark. — The 
Marconi-Mackie Disc Discharger. — The Calibration of the Disc Dis- 
charger for Spark Phase. — The Use of a Telephone, — Milliammeter — 
Transformer and Disc Discharger . — To adjust the Spark Phase. — The 
Best Audible Note. — The Plain Discharger. — The Use of Leading or 
Lagging Gurrent — The Quenched- Spark*’ Discharge. — Coupled Circuit 
Reactions. — The Effect of strongly damping the Oscillations in the 
Condenser Gifcuit.-— Shock Excitation — The Telef unken Type of Gap . — • 
The Marconi Type, — The Effect of de-tuning the Aerial Circuit — The 
Effect on the Tuning *of increasing the Power applied to the Gap. 

« 

We shall next consider the question of phase in. relation to 
the spark discharge. 

A very general way of starting an oscillatory current is 
to short-circuit condenser chaiged by a low - frequency 
alternating current, through a path of low impedance and 
therefore of shoi^ time period. 

The most efficient condition of the charging circuit, as 

' ‘ 44 
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Fio. 34.. 


-The Amplification of Current and Condenser 
P. D. due to Resonance. 


already shown, is when it is in resonance with the supply 
frequency. 

Fig. 34 shows the current, E.M.F., and condenser P.D. 
curves, for a circuit 

inwhichsuch condi- current^^ ^condenser ^d. 

tions exist, and the 
consequent amplifi- 
cation as a result of 
resonance of the cur- 
rent and condenser 
P.D. which is only 
limited by the resist- 
ance of the circuit. 

Energy is stored alternately in the magnetic field and in 
the condenser. It remains in a surging state in the circuit 
but is not used up, so that the fresh energy which the 
alternator adds to the circuit each half cycle causes the 
current to increase, until it reaches such a value that the 
losses in the circuit due to resistance — which depend on the 
square of the current — increase sufficiently to equal the 
energy supplied by the alternator. The amplitude then 
reaches a maximum, and remains constant. 

To the circuit shown in Fig. 27 we must add the path 
GCL (Fig. 35) for the condenser discharge, G representing an 

air-gap which is broken 



down by a spark when 
the voltage across it — 
and therefore the poten- 
tial on t%e condenser — 
reaches a certain critical 
va>ue. 

Fig. 35. — The Transmitting Condenser Charge and mv . t j* 

Discharge Circuits. The part L of the 

circuit represents a 

coupling coil, or “jigger primary,’’ which may be used for 

transferring the oscillatory energy to another circuit. 

Now if the moment oP discharge can be ^ controlled, as is 

possible with the Marconi Disc Discharger — see p. 53, — it 

would seem advantageous to time the discharge so that it 

should take place at that instant when the alternating current 
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has all been transformed into condenser charge, that is, just 
before the current commences to flow in the opposite direction 
which would allow the condenser to return its stored -up 
energy to the circuit. 

Also, as the discharge establishes a temporary short 
circuit across the mains, it would appear advisable that the 
discharge should occur when there was no charging current 
flowing. That is, it should take place preferably at the 
moments A or B or C (Fig. 34), and if there are reasons why 
the discharge cannot, or should not, be taken at these phase 
positions, then it would seem better for the discharge to take 
place when the current is approaching zero and when, therefore, 
the short-circuit current through the spark-gap is a falling 

current, than 
when it has 
passed zero, and 
is rising. 

Fig. 36 shows 
the condition usu- 
ally illustrated, 

which represents 

Fig. 36. — Spark Discharge each Half Cycle at Zero onorlr tnkinfT 

Charging Current. taKlllg 

place and the 

condenser discharging at the end of each half cycle of current, 
the charging current being in phase with the E.M.F. and the 
high-frequency oscillations dying out quickly, due principally 
to resistance loss in the spark. 

But the conditions of discharge are not so simple as this. 
There are sei^bral other determining factors which must be 
briefly referred to. 

To begin with, the discharge from the condenser will have 
two paths open for it, the first, back along the charging circuit 
as a low-frequency current, and the second across the con- 
ducting air-gap as a high-frequency current. The discharge 
will divide betweep. them in the inverse proportion to their 
respective reactances. 

If the resistance of the gap has not been sufficiently 
lowered Ay tHe spark, quite a large proportion of the con- 
denser charge may flow back into the main circuit. 

c 
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Again, it has been shown (see Fig. 21) that the oscillatory 
discharge of a condenser results in the maximum current 
occurring at minimum voltage, so that at maximum current 
the voltage across the electrodes may fall to a value which 
is insufficient to maintain th^ conductivity of the spark, and 
the discharge will therefore cease. If the potential of the 
condenser charge which still remains is insufficient to break 
down the gap resistance, the charge will take the alternative 
path back into the mains as a low-frequency current. This 
quenching of the high-frequency discharge may occur after 
the first, second, or later alternations, depending on the rate 
of decay of the spark-train, and the rate of recovery of the 
air-gap insulation. 

But suppose the discharge is set to occur when the main 
current is falling, but before it reaches zero value, then, as it 
takes a much lower voltage to maintain a conducting path 
through the air than to produce one, the small potential 
difference across the spark-gap resulting from this main 
current may be quite sufficient to maintain the conductivity 
of the gap at the times of maximum condenser current, so that 
the spark-train is able to continue until its amplitude falls 
to quite a low value. 

And further, the increased flow of energy across the air- 
gap, which now includes a little main current, will evolve 
more heat and lower the gap resistance still more and there- 
fore lessen the rate of decay of the condenser oscillations. 

As the condenser discharge dies out, the need for a low air- 
gap resistance disappears, and the main current can also then 
die out with advantage so that the air can recover its insulating 
condition. 

Thus we can establish a case why dfficharge should take 
place a little before the main current reaches zero.® 

But it is also possible to advance arguments why, under 
certain circumstances, it may be best to take the discharge a 
considerable interval before the cuwent falls ^to zero. 

It has been shown that the conductivity i)f the spark-gap 
is a matter of importance. When ^ spark passes between two 
electrodes in air, the air molecules become ‘'ionised,” or 
charged, and in this state they travel across the gap, each 
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molecule delivering up its charge to the electrode of opposite 
potential. This in a gas constitutes conduction. 

The conductivity of the gap will depend on the charge 
given to the air and the rate at which the molecules travel, and 
thus will depend on the electrode potential before breakdown. 

But if we have to rely on the carrying capacity of the air 
alone, the conductivity may still remain too low to allow the 
maximum condenser current to flow through the gap. 

The more the air is heated, the greater the mobility of its 
molecules and the lower its effective resistance, but it is found 
that the air must be supplemented with metallic vapour if the 
conductivity required for a high-frequency spark carrying even 
moderate power is^ to be obtained.' The surfaces of the 
electrodes will supply this vapour if the current density is high 
enough for the particular metal concerned ; and if it can be 
arranged that only one electrode is heated while the other 
remains cool, the progress of the metallic “ ions '' in the spark 
from the hot electrode to the cold is encouraged. 

The average condenser discharge current being anything 
from 100 to 1000 times the value of the average charging 
current, will produce practically all the metallic vapour found in 
the gap, but owing to its rapid reversals it will be unable to 
maintain the vapour in the state of a conducting bridge, and the 
gap must depend on the low-frequency main current which is 
small in value but comparatively constant during the discharge, 
for this purpose. The greater the volume of vapour present, 
the greater the main current potential required to control it. 

Now, as often happens in a radio transmitting set, in order 
to adjust for •a change of wave-length we may have one con- 
denser arrangement of a given capacity charged to a potential, 
say, of 10,000 volts^and another condenser arrangement having 
four times this capacity, charged from the same supply to 
5000 volts, and on change-over no alteration is made in the 
minimum length of the spark-gap. 

The product or the ^potential energy in the discharge 
circuit, will be tshe same in each case, but although the gap re- 
istance is required to f%U bwer for the large capacity circuits 
with its" possi\)le higher current than for the low capacity 
circuit, there will be a smaller initial potential to ionise the 
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gap and, in consequence, its drop in resistance must depend 
more on the supply of metallic vapour. But this is not given 
off by the electrodes until the spark current passes, and 
requires time to produce. 

But if the gap resistance .has not fallen sufficiently low 
within the interval of 1/4 cycle of the H.F. discharge current 
— which for a 600-metre wave-length^ adjustment would only 
be 1/5 00,0 00th second — the H.F. current will not be able to 
rise to its full value. 

Then if in the case of the low-capacity circuit the best 
results are obtained when the main current at the moment of 
discharge is above zero, when ja. change is made to the high- 
capacity circuit, it will often be found advisable to arrange 
that when the discharge occurs there shall be still more main 
current in the circuit, in order that it may have a greater in- 
fluence in maintaining the reduced gap resistance until the 
discharge ends. 

We have next to consider the condition of '' resonance '' in 
relation to the spark discharge. 

When the spark occurs, and as long as it continues, the 
condenser practically ceases to receive fresh energy from the 
charging circuit, as the reactance of the spark will be low com- 
pared with that of the condenser. Also, with a good conduct- 
ing air gap the condenser will not feed back any energy to 
speak of into the charging mains. 

To all intents and purposes, the condenser has been 
replaced in the charging circuit by the comparatively low re- 
sistance of the spark, and if the non-sparking circuit was in a 
state of resonance, the sparking circuit certainly* will not be 
so, as it practically contains only inductance and resistance. 

The current, instead of being in phase with the E.M.F., will 
change to a lagging condition. 

This will immediately lower the efficiency of the alternator and 
of the circuit as a whole, at the moment when the circuit is giving 
out most energy and therefore when high efficiency is most required. 

Clearly what is required is that the main ciihuit should be 
in resonance when sparking^ in order ^thsifc the alternator 
deliver its maximum energy to the circuit and the over-all 
efficiency should also be a maximum. 

E 
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Suppose we make the current lead in the non-sparking 
circuit. Then it would seem possible by trial to find some 
spark phase adjustment at which the lagging effect imposed on 
the current just brings it into phase or resonance when spark- 
ing takes place. For this condition to be possible a certain 
proportion of the condenser energy must always remain in 
circulation in the charging circuit. 

Now the term “resonance,” as applied to the circuit conditions 
at the moment of sparking, does not mean that the time period 
of the circuit agrees with that of the alternating current supply ; 
the periodic time of the supply is so long compared with the 
short interval of sparking that, it scarcely affects the question. 
It means that the reactance of the condenser in the main circuit 


during the discharge is equal to the reactance of the inductance. 

Suppose 01 (Fig. 37) to represent the direction of the main 
cxirrent, OVl the induced E.M.F. due to inductance, and OV^ 
the back E.M.F, due to the condenser. 

If during discharge the condenser poten- 
[ 0 ^ tial OVq falls to OVg = OVl, then the react- 

I ances in the main circuit will balance out 

^ T and the applied E.M.F., OE, will depend only 

\ ^ / on the non-inductive load, and so will be 

in phase with the current. 

Fig. 37.— Resonance Then the less the inductance of the low- 

frequency circuit and the less the main cur- 
rent flpwing at the moment of sparking, the 
smaller will be the proportion of condenser charge retained in the 
circuit to bring about resonance, and the less will the steadiness 
of the spark* ahd therefore the quality of the note, be affected. 

A leading current in the non-sparking circuit is the most 
general case in practice. The inductance in the charging 
circuit is l/hen less than what is required to tune, and the 
natural period of the charging circuit is therefore less than 
that of the supply. 

The minimum inductance of a radio transmitting circuit 
is that of its alternator and transformer. If this is high 
relative to t}\e nominal power of the circuit an unduly large 


proportion of condenser energy will in consequence be tied 
up by it, which wi^l result in a weak and unstable spark. 
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But there are also cases in which a lagging charging 
current results in the greatest amount of energy being released 
in the high-frequency circuit on spark. 

It has been shown that the current-carrying capacity of the 
spark depends principally on jtwo factors: (1) the potential 
between the electrodes before discharge ; and (2) the phase 
of the main current at which the discharge takes place. 

Now if the spark occurs before the charging current 
reaches zero, so much less charge flows into the condenser ; 
and if in order to increase the conductivity of the gap the 
discharge is taken while there is still a considerable amount 
of main current flowing, the energy diverted from the con- 
denser will be inconveniently large. 

But suppose the charging current is lagging, and the dis- 
charge is taken just a little before it reaches zero so that it has 
been able to deliver almost its full charge to the condenser ; then 
the current will immediately be made to lag still more, which will 
cause it to rise suddenly, and its reaction on the gap will result 
in maintaining the good conductivity 
required for the condenser discharge. 

Thus let AB (Fig. 38 (a)) represent a 
half cycle of current — the phase displace- / 

ment of current relative to E.M.F. being 
supposed to remain unaltered by the ///\\^ 
spark — and let CD represent a curve of / U \ 
current having the same lag as the cur- ^ \ a^\ \ 

rent during the spark ; then, when the . BHD 

condenser discharges on its potential 
reaching the value OB — the alternator • 

still generating E.M.F. — the current rises from the value B to 
the value P on the more lagging curve, and finally, after the 
discharge, falls and crosses the zero line along some intermediate 
curve PE. 

The condenser potential curve also after the discharge 
will show a small rise on the same side of zero, produced by 
the part of the current BPE, but as its maximum value will 
be insufficient to break down the Jiir ^ap, this little hump 
represents condenser charge which will be returned to the 
circuit and remain circulating in it. 
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Eig. 38 (b) shows typical oscillograms of current and 
voltage in the high-tension low-frequency circuit when the 
spark is taken before the L.F. current reaches zero. 

In this case the 
circuit is neither in 
tune when sparking 
or non -sparking, 
the inductance in 
the charging cir- 
cuit is more than is 
required for reson- 
ance, and, in con- 
sequence, the natu- 
ral period of the 
circuit is greater 
than that of the 
supply. It is a con- 
dition which is most 
often met with in high-power radio sets which, although they 
may have to work with several hundred amperes in the high- 
frequency circuit, are frequently unable for various reasons to 
use a higher condenser charging voltage than what is quite 
normal for low -power sets, and therefore have to rely more 
on the low-frequency main current to maintain the vapour 
bridge across the air gap. 

The above discussion of the conditions which are introduced 
by the condenser discharge should make it clear that the most 
efficient adjustment of any circuit for sparking is in fact 
peculiar to tTiat circuit and is best found by trial. The main 
current during the non-sparking period may be either in 
phase, leading, or lagging, and the phase position for sparking 
should be l^omewhere on the slope of the current curve before 
it reaches zero. 

The most efficient type of charging circuit is one in which 
all the low-frequency inductance required is provided by the 
leakage fields of the alternator and the transformer, and which 
applies a l\igh charging voltage to a low capacity. The 
charging current will then be nearly in phase, and a clean 
easy spark, giving a clear note of twice the frequency of the 



Fig. 38 (6). — Oscillograms of H.T. L.F. Current and 
Voltage when the Spark is taken before the Current 
reaches Zero. 
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alternj^tor, will take place practically at the moment of zero 
charging current. 

The principle of the Marconi Disc Discharger which 
makes spark phase adjustment possible is illustrated in 
Fig. 39. Keyed on the shaft of the alternator is a disc of 
insulating material, having a conducting rim of brass or 
copper fitted with equally spaced radial metal studs, which 
correspond in number to the half cycles of alternating current 
generated per revolution in the armature winding. 

In most machines, and as shown in the diagram, the 


LHF. CURVE FOR VARIOUS POSITIONS 



Fig. 39. — The Principle of the Marconi Disc Discharger. 


number of studs corresponds to the number of alternator 
poles. 

In line with any two studs are mounted the two spark 
electrodes A, which are connected to the condenser. 

The electrodes are carried by a rocker which enables them 
to be advanced, as shown at B, B, or lagged, as shown at c, c, 
with reference to any fixed position of the disc studs. 

Now we know that when the armature coil, W, on open 
circuit reaches the position shown, its long sides will be 
passing through "the strongest p9.rts of the field under the 
two poles and therefore cutting most lines, l&o that the coil 
will then be generating its highest E»M.F. Also, as all the 
coils connected in series in the armature of an alternator 
reach similar positions relative to the pojes at the same time. 
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the total E.M.F. generated by the winding as a whole will be 
a maximum at this position. 

Suppose this E.M.F, is sufficient to produce a spark in 
air. Then we could connect the alternator slip rings direct 
to the discharger electrodes and rock the electrodes so that 
they came into line with the disc studs when the armature 
conductors were cutting most lines. They would then be set 
for a spark to take place at the peak of the alternator voltage 
curve. 

If the electrodes were rocked a little further back, against 
the direction of revolution, they would be in a position to 
take a spark on the rising p^rt of the E.M.F. curve, and 
alternatively if they were rocked a little forward in the 
direction of revolution they would take the discharge on the 
falling part of the E.M.F. curve. 

The E.M.F. generated by an armature conductor in travel- 
ling from the position in which it cuts the maximum field 
under a north pole, to the position in which it cuts the 
maximum field under a south pole, passes through 180 
electrical degrees, from the positive peak of the E.M.F. curve 
to the negative peak, and the electrodes, when rocked through 
the same angle, that is, from the centre of one disc stud to the 
centre of the next, will displace the phase of the spark dis- 
charge by the same amount. It is therefore usual to fix a 
scale on the rocker divided into 180 phase degrees, which 
spans exactly the angle ^etween the centre lines of two 
neighbouring studs, and to fix a pointer on some non-moving 
part of the machine which indicates on the scale the 
approximate f)hase position at which the spark takes place 
relative to the E.M.F. 

A typical scale is shown in Fig. 40. It has a central 
zero, and in(?reases vri the direction of rotation to 90° lead, and 
against the direction of rotation to 90° lag. The relative 
positions of * lead ” and lag '' on the scale are explained 
by the fact that the pointer is fixed and the scale is rocked 
with the electiodes. If the pointer, instead of the scale, 
were attached to the ♦electrodes, the markings “lead” and 
“lag*' would have to be reversed. The adjustment of the 
index to the scale is ^such that if the spark is taken with the 
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index set at 0° it will occur at the moment of maximum 
alternator E.M.F.; but if, for instance, the electrodes are rocked 
so that the index shows 30 lag on the scale, the spark will 
occur 30 of phase after the E.M.F. has reached its maximum 

value, and so on. 

' • 

In most cases the alternator voltage is too low to cause 
a spark in air, and to obtain one it would be necessary to use 
a potential transformer. Now the* transformer secondary 
potential lags almost 18 O'" in phase behind the terminal 
potential applied to the primary ; and if the drop due to 
circuit resistance is negli- 
gible, the primary potential ^ 
will be in phase with the ^ 

alternator E.M.F., so that Fio. 40. -Scale of Spark Phase, 
the setting of the disc elec- 
trodes to obtain maximum spark with the transformer — if 
due allowance is made for the length of arc jumped by the 
spark — will be found to correspond with the position required 
without the transformer. 

The next step is to add the condenser to the secondary 
circuit of the transformer. If the circuit is in resonance 
before sparking, and if, as already explained, the charging 
current is not required to aid the discharge current in lowering 
the gap resistance, we shall now find that the best spark phase 
position as shown on the scale is very nearly 90° lag. 

Such is the ideal condition illustrated in Fig. 36, the dis- 
charge taking place when the cfiarging current and E.M.F. 
have both fallen to zero ; but, as we have already seen, there 
are many factors affecting the discharge in practice which may 
cause it to occur at almost any phase position relative to the 
alternator E.M.F. ' 

In general the spark occurs just as the chauging current 
approaches zero, and, as the '' in-phase sparking position is 
shown on the scale as 9 O'" lag, a best spark phase position 
between 0° and *90° lag on the scale will, indicate a leading 
charging current, and betv^een 90° and 0°a lead a lagging 
charging current. ^ 

The size of the electrodes and the section of tshe studs 
must be such that in the very short time the spark lasts the 




66 WIEELESS TELEGEAPSY AND TELEPHONE 





Fig. 41.- 


(i) 

-The Burning Action of the Spark 
on the Electrodes. « 


high-frequency current vaporises them sufficiently quickly to 
give the necessary power-carrying capacity to the spark. 

As the spark takes place between the nearest conducting 
points (Fig. 41 (a)), these ultimately burn away, leaving wedge- 

shaped ends (Fig. 41 (6)). 

If the studs are too large 
in diameter, they will not 
heat up quickly enough, 
and the spark and the out- 
put will be poor. 

If, on the other hand, 
the studs are too small in 
diameter, they will burn 
away too quickly, and will require frequent readjustment 
of the minimum gap distance and frequent renewal. More 
heat will be generated in them than they can dispose of by 
radiation, and their increased resistance in consequence will 
lower the efficiency of the high-frequency circuit. 

Whenever the design of the set will allow it, revolving 
copper discs are used as electrodes, which present a constantly 
changing edge for the spark discharge. Their average 
temperature is low, and heat radiation good, so that they 
maintain a fairly low resistance and 
require much less adjustment and 
renewal. 

The precision of the spark phase 
adjustment — particularly as re- 
gards the moment when the spark- 
ing stops, — atf will be seen from 
Fig. 42, depends on the thickness 
of the studs and eleV3trodes and the 
distance th^ condenser potential 
will jump through air. As the 
disc revolves and the studs ap- 
proach the electrodes the spark 

jumps forward to meet them, so that unless the setting of the 
rocker scale has been adj/isted on spark the pointer reading 
on the scale Will show a more lagging phase position than is 
actually the case. 



eaE^Kiws’ 

posmoM 


Fio. 42. — The Spark on “ Make ’ 
and the Arc on “Break.” 
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Also in this connection the windage^ or air draught on the 
spark — ^produced either naturally by the rotation of the disc, 
or artificially by means of a fan on the same shaft, or a 
separate blower — may play an important part. 

During the discharge the studs approach closer to the 
electrodes, the potential required to maintain the conducting 
gap becomes less, the metallic vapour produced bridges a 
much smaller space, and the whole time there is a current of 
air in the direction of the disc rotation. After an interval 
depending on the width of the passing conductors, the spark 
gap increases, the vapour cools and dissipates quicker than it 
is renewed, and finally there is a sudden break in the spark, 
and the air in the gap once more becomes an insulator. 

The moment of interruption of the discharge is necessarily 
of considerable importance. 

Take two extreme cases. The high-frequency currents — 
particularly those of long period, having a wave-length, say, 
of 10,000 metres — may be interrupted by the rotation of the 
disc before the condenser energy has been completely dissipated, 
due to the individual or combined effect of (1) the narrow 
width of the sparking surfaces, (2) the short jumping distance 
through air of the condenser potential, and (3) excessive 
windage. 

Too much air draught will keep the electrodes cold, or dis- 
perse the conducting vapour too quickly for efficient working. 

Or, again, the high-frequency currents — in this case 
more particularly those of short period, having a wave-length, 
say, of 300 metres — may have died out, leaving the main 
current still flowing across the air gap, and,** after passing 
through zero, continuing as a rising current short-circuiting 
the condenser, as a result of (1) large s«iction of studs, (2) 
long jumping distance of the condenser potential, or (3) 
insufficient windage, or possibly a combination of these 
causes. 

Low-power sets seldom require an auxiliary ^ir draught on 
the spark, but for high-powet sets it is essenti§.l. 

The Marconi-Mackie Disc Discharger illustrated in Fig. 
43 is designed for a 60-kw. transmitting set,' to give 600 
sparks per second. 
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'The main disc is of solid copper, having a diameter over 
the studs of 36 inches. It is mounted in ball-bearings, is fitted 
with a flexible coupling for direct drive from the motor- 
generator, and is carefully balanced to run without vibration 

at its working 
speed of 1500 
r.p.m. 

It has 24 
copper studs 
which are screwed 
and pinned into 
the periphery; 
they project 5 
inches, and have 
a diameter of 1 
inch. 

The electrodes 
— generally called 
side discs '' — are 
discs of copper, 
12 inches in dia- 
meter, and inch 
thick, which are 
driven by a sys- 
tem of rods and 
bevel gears from 
the main shaft 
through a flexible 
coupling. 

Fig. 43. — Tlie Marcoui-Mackie Disc Discharger. The H.F. COn- 

^ nection from the 

bus-bars to, the side discs is made first through strips of 
sheet copper. A, which are bolted to the bus-bars, thence 
through a number of flexible stranded copper connectors, B, 
to a cast brass plate, C, carrying a number of brass fine- 
wire brushes, D, and these brushes bear in a circular shallow 
groove in each rotating sicje disc. 

The ‘minimum spark-gap length can be controlled by the 
adjusting screws E, and the insulated cast-iron frame which 
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carries the side discs can be rocked for spark phase by 
manipulating the handle F ; the final adjustment being shown 
by the scale and pointer G. 

The Calibration of the Disc Discharger for Spark 
Phase, when it is mounted ou the shaft of the alternator or 
otherwise rendered synchronous, consists in first finding 
the position of the rotor at which maximum E.M.F. is 
generated, then rocking the electrodes so that they come 
opposite the disc studs at this position, and, finally, at the 
same setting of the electrodes, fixing the pointer on the 
machine so that it indicates 0° lag or lead on the electrode 
rocker scale of phase degrees which has already been de- 
scribed. 

To find the rotor position of maximum E.M.F., connect 
a telephone permanently across the alternator slip rings, 
excite the field of the alternator at normal voltage, and then 
turn the rotor slowly by hand, noting that position at which 
the telephone gives no sound. This position will be that 
of zero KM.F. Continue to rotate it until a second position 
of zero E.M.F. is found. 

The position of the rotor for maximum KM.F. will then 
be midway between these two. 

This method is not suitable for large machines, as the 
inductive kick on breaking the field circuit may be bad for 
the insulation of the winding, and the small arc which results 
makes the determination of the position of no sound less 
exact. 

For large machines, therefore, the exciting circuit is 
completed through a rheostat or an ordinary fifeld regulator, 
and the exciting current is varied rapidly by means of the 
rheostat so as to produce a noise in the telephone, when, 
as before, the position of the rotor at which no noise is 
heard in the telephone will be the position at which no E.M.F. 
is generated. 

Alternatively a milliammeter "could be used in place of 
the telephone. On varying the field regulator,* the instrument 
needle will give a kick until the rotor i% in the correct position 
for zero KM.F. 

Another method which takes into Recount the distance 



60 WIEELESS TELEGEAPHY AND TELEPHONY 


jumped by the spark discharge from the electrodes to the 
approaching studs is as follows : — 

The secondary terminals of the transformer are connected 
to the disc with the transmitting condenser disconnected, 
and a resistance is inserted ip the primary circuit to limit 
the current so that it does not exceed the normal when 
the circuit is closed and the transformer secondary is sparked. 

The alternator and disc are then run at normal speed, 
and the maximum spark lengths obtainable across the two 
gaps between the electrodes and the disc studs are observed. 
Usually one gap is varied, the other being kept a constant 
length. This process is repeated for various positions of 
the electrodes, and a curve is plo'^bted connecting angular 
position of electrode rocker and spark length. The position 
at which the curve reaches its maximum should then be 
noted. 

Now the spark is equivalent to a non-inductive resistance, 
so that the current in the spark will be in phase with the 
transformer secondary potential. The secondary potential 
lags about 180° behind the potential applied to the primary 
terminals, which — provided the resistance drop in the circuit 
is negligible — will be identical with, and therefore correspond 
in phase with, the machine E.M.F. 

Then the disc position for maximum spark length, if 
no condenser is connected across the transformer secondary, 
will also correspond for all practical purposes with the 
rotor position for maximum E.M.F. 

How to adjust the Spark Phase. — If possible the spark 
phase should be adjusted while the alternator is running 
and the load is on. 

The capacity of the condenser is fixed, and if no variable 
inductance • is provided, the alternator should be run at a 
speed which is estimated to give the correct frequency for 
the circuit. The electrodes should then be rocked to that 
position which gives the strongest spark having the purest 
musical note. < Such a spark indicates a condition of greatest 
energy in the high-fi:equ3ncy circuit for a given alternator 
excitatibn, and highest over-all efficiency input to output. 

Then another frequency of the alternating charging 
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current should be tried by altering the speed of the machine, 
and the adjustment of the spark phase should again be varied 
by rocking the electrodes, until the best results are obtained, 
as before. If the circuit conditions have thereby been 
improved, the spark will be stronger and the over-all efficiency 
will be greater. 

Proceeding in this manner, the peak of the efficiency 
curve can be found. The readings *on spark of a reliable 
wattmeter in the low - frequency charging circuit are at 
all times a good enough guide, or failing that, the sound and 
appearance of the spark. 

Por the discharge, as we have said, consists of two super- 
imposed currents — (1) a large current composed of a number 
of trains of high-frequency oscillations, which, because they 
start at regular but widely separated intervals, and the current 
in each train grows quickly to a maximum, produces a 
brilliant spark having a clear, well-defined note; and (2) 
a small current of the same frequency as the supply, which 
is inclined to be irregular and grows and dies at a much 
slower rate, and as a result does not produce a clean-cut note. 

Then if the spark phase is altered until the best audible 
note is obtained, this will be the condition of best compromise 
of greatest high-frequency and least low-frequency current 
in the spark gap. 

But very often the alternator speed cannot be varied 
except between narrow limits, or there may be reasons — such 
as the need of a definite note frequency — why it should be 
kept constant. The alternator is then designed so that it has 
an inductance less than that which is required to produce 
resonance in its working circuit at the given frequency, and 
an adjustable inductance is provided for titning. 

For each value of tuning inductance inserted there should 
be a different spark phase position which gives best results, 
and which has to be found by trial. 

The maximum output cannot be equal to that of the 
circuit tuned without additional inductance by varying the 
speed of the alternator, and if a iefipite output on spark is 
required a compromise adjustment may sometimes be found 
best which uses less inductance than is required to give the 
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highest efficiency obtainable on spark, because it allows a larger 
output to be obtained from the alternator. 

A Marconi 60>kw. Spark Transmitting Set is illustrated 
in the frontispiece. The alternator A drives a synchronous 
disc discharger of the type shown in Fig. 43, by means of an 
insulating coupling which is fitted through the wall of the 
brick silence cabin D. The main bus-bar connections from 
the jigger and condenser to the disc are shown entering the 
cabin at B. The jigger primary is marked P, and the bank 
of glass-plate condensers in oil-sealed porcelain pots, C.’ 

The jigger secondary is shown at S, and the aerial tuning 
inductance at L^. 

The Plain Discharger. — Having ‘^now examined the con- 
ditions which prevail when it is possible to time the moment 
of the discharge with some degree of precision, we can consider 
briefly the more complicated case presented by the fixed air 
gap of the plain discharger. 

The instant and frequency of discharge are controlled — 

(1) By the length of the spark gap. 

(2) By the tuning of the charging circuit. 

(3) By the conductivity, or ionisation of the air gap. 

A spark takes place as soon as the potential on the con- 
denser has risen to the value required to break down the air 
insulation. If the circuit is in resonance before the discharge 
takes place, then it will be seen from Fig. 44 that the spark 

length as given by the 
ordinates A, B, C, D, 
or E of the condenser 
applied potential 
curve Yc, also deter- 
mines the spark 
phase, that a small 
spark will be accom- 
panied by a rising 

curx’ent, and a large 
Fig. 44.-— The Discharge Coiitlitions across a Fi”ed Gap. by a fallino’ 

. current. 

. . . < 

As a . rising mam current on spark is to be avoided, when 
using an air gap which is much less than the sparking limit 
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better results can be obtained by mis-tuning the circuit so as 
to produce a lower maximum potential on the condenser. 
The spark will then take place at a more advanced point on 
the current curve. A spark will pass every time the con- 
denser potential during the Jialf cycle rises to the critical 
value for the air gap, and best results will be obtained if the 
time period of the circuit is made to agree with this rate of 
discharge. 

For these two reasons a leading current is best for small 
gaps. 

But if there are many sparks per half cycle the value 
of the main current passing through the gap, and therefore 
the gap resistance, will be different for each spark. Also it 
follows that the condenser charges will be irregular in time 
and in quantity. 

The discharge becomes more regular with increase of gap 
length up to that which allows one discharge to take place 
per half cycle — the tuning being at the same time adjusted 
to suit the rate of sparking. 

For a gap which is greater than can be broken down by 
the maximum condenser potential which results from the first 
half cycle of charging current, the circuit works best when 
it is tuned for a spark once per cycle, and the charging 
current in consequence is then lagging. 

Air which has once been subjected to sparking breaks 
down easier a second time, so that unless the used air is 
removed after each discharge the insulation of the gap will be 
variable, and irregular sparking will be encouraged. 

An air blast applied to a spark will therefca’e cause it to 
be more regular in frequency and voltage, and the main 
current in it will be less ; but if the bla^t is too strong, the 
gap resistance during the discharge will remain high, and the 
high-frequency oscillations may as a result be damped out 
quicker than is required. 

The ** Quenched Spark ” Discharge. — The H.F. circuit we 
have so for been considering, P (Fig. 45), is that in which the 
oscillations are generated. Having a closed ” character it is 
not suitable for radiating energy into space, and it is therefore 
linked by means of a magnetic coupling at K — or sometimes a 
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capacity coupling — to a secondary circuit of an open type, the 
aerial AE, which is better able to fulfil this function. The 

two circuits are tuned 
to the same frequency, 
and energy passes 
through the coupling 
from' one to the other. 

When the aerial 
circuit is excited, it is 
able to react back on 
the primary through 

Fig. 45. — The Coupling of a Radiating Cir cuit to the same Coupling. 

Condenser Discharge Circuit. As will be explained 

later, this leads to the 
generation in both circuits of currents of two frequencies, 
one greater and one less than that of either circuit oscillating 
alone, which superpose and 
produce a beat effect. In 
this regard compare (a) (a) 
with (b) and (c) in Fig. 46. 

If this reaction is to be 
avoided — and purity of 
frequency, or its inverse 
measurement '‘wave- 
length,’' is of great import- 
ance in limiting ihterfer- 
ence between radio trans- 
mitting stations — either 
the coupling must be made 
very weak or loose, in 
order that the two*" waves 
may be cloae together and (c) 
the beat frequency low, or 
else the circuits must be 

arranged so that the coup- ^lo. 46.-Slightly Dumped Oscillations in 
° ^ ^ "’wo Tuned Coupled Circuits. 

ling acts as far ^as possible 

like a valve, transferring erergy from the primary to the aerial 
circuit, but not from the aerial circuit back to the primary. 

Marconi practice employs the first method for general work. 
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but under certain conditions the second method which we 
shall now discuss has its advantages. 

Its application consists in transferring as much energy as 
possible from the primary circuit to the aerial in the first 
few swings of current, which current by the employment of 
a special form of spark gap is made to die out very quickly, so 
that the impulsed aerial continues its oscillations uninfluenced 
by the primary (Fig. 47 (a) and (&)), 
and therefore radiates a pure wave. 

The process of setting the aerial 
oscillating in this manner is* known 
as “ shock excitation,” the quickly 
damped out discharge of the priiiiary 
circuit as a “ quenched spark,” and 
the type of discharger which pro- 
duces this effect a '' quenching gap.” 

In order that the primary H.F. 
oscillations may die out quickly, the 
air-gap resistance must remain high. 

To , prevent it being lowered too 
much by the presence of metallic 
vapour, the temperature of the elec- 
trodes must be maintained so low 
that it is difficult for the vapour to 
be produced by the H.F. current. As 
local heating is to be avoided, the spark must not be confined to 
one spot on either electrode. It shbuld be free to take place 
with equal ease anywhere over a large surface. The weak, low- 
frequency current, which flows during the discharge?;, can then be 
easily quenched by the fall of potential across the gap with the 
growth of the high-frequency current, as the potential finally 
reaches a value which is insufficient to maintain a conducting 
bridge between the electrodes. The air gap will then resume its 
non-conducting state after each alternation of H.F. current, or 
separate spark of a» train; the charged gas molecules, the positive 
from one electrode and the negative from the other, will all give 
up their charges to the oppositely charged electrodes, or else com- 
bine with each other in the air gap, or dissipate in space away from 
the electrodes so that they become unavailable for conduction. 

F 



Fro. 47. — The Efifect of strongly 
damping the Oscillations in 
one of the two Coupled 
Circuits. 
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Fig. 48. — The Telefunken Type of Quenching Gap. 


In the Telefunken type of discharger (Fig. 48), the electrodes 
E are heavy copper plates, which are sometimes provided with 

channels, C, through 
their thickness for an 
air blast. They are 
also flanged, as shown 
at F, to encourage heat 
radiation. As an ion- 
ised gas can get rid of 
its charge most com- 
pletely and quickly in a 
small gap, the discharger consists of a number of small gaps in 
series, one gap of *15 mm. — the distance being fixed by a mica 
spacing washer M — being allowed for each 500—700 volts of 
condenser potential. 

If an insufficient number of gaps is used there will be no 
true quenching after each alteration of H.F. current, and 
coupling effects will become apparent. The supply current 
will continue to flow, and H.F. currents of two frequencies 
will be generated. The spark will get localised, the electrodes 
will heat up and their surfaces will show wear. Also, if too 
many gaps are used, the discharge will be irregular, and again 
coupling effects will be present. There is, however, enough 
latitude for easy adjustment between these extreme cases. 

If the electrodes are pure copper, pimples of copper oxide 
may form and short the gap. This is avoided by silver-plating 
the surfaces. 

The surfaces must be kept truly plane and parallel, and any 
unevenness yaust be immediately ground, orcleaned,orpoli8hed off. 

As the primary transfers all its energy to the aerial in a 
very few oscillations, the coupling must be fairly tight — about 
20 per cent. If it is too tight, sufficient energy is fed back 
to the primary circuit to prevent quenching. 

Hydrogen, being a very light gas, is more mobile than 
air. It can therefore get rid of its charge quicker, and in 
consequence is better as a qmnching agent. Also an air 
draught through the gap by removing the ions would encourage 
quenching, but the blast must have a pressure of about 100 lbs. 
per square inch to be truly effective. 
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Quenched Spark Discharger, jMarconi Type (Fig. 49). 

— This consists of a series of copper plates having heavily 
silvered ring sparking surfaces, A, which are truly plane, the 
edges of these surfaces being gently cambered, in order to 
ensure a gradual decrease in the intensity of the electrostatic 
field where the gap between the plates commences to widen. 

There are three alignment rods of heat-resisting insulating 
material, B, which pass through holes in the grooves and keep 
in place the mica spacing washers, C, which rest on the inner 
raised rings, D. 




Fig. 49. — The Marconi Quenched -Spark Discharger. 


A copper rod, E, passes up through a clearance hole along 
the axis of the discharger, and is fitted with nuts for clamping 
the brass end plates, F, which are separated from the copper 
sparking plates by thick discs of insulating material, G. 

Ventilation holes, H, are carried righ'j through the dis- 
charger, and the discharge is open to the air. 

Fig. 50 shows an interesting series of tuning curves 
obtained with this gap. 

The curve (4) was obtained with the primary circuit in 
tune with the secondary chcuit, the couplings between them 
being about 20 per cent. ^ 

Curves (3), (2), and (1) resulted from mis-tuning — the 
aerial circuit having its wave-length progressively decreased 
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4 per cent, then 10 per cent, and finally 16 per cent from 
in-tune, the coupling remaining about the same. 

The improvement in the direction of single-wave trans- 
mission is indicated by the increased peakiness of the curves. 

Now when an alternating current is applied to a 
coupled circuit, the mutual inductance is alternately added to, 
and subtracted from, the separate circuit inductance values 
(see pp. 219-221) ; so that if we consider the case in which re- 



Fig, 50. — The Effect of De-tuning the Aerial Circuit. 

sonance takes place, currents of two frequencies are produced, one 
higher than the natfiral frequency of either circuit, and one lower. 

The higher-frequency current results when the secondary 
circuit — which may be an aerial — is either storing, consuming, 
or radiating the energy received from the primary; and the 
lower- frequency current when the secondary circuit is return- 
ing some of its ‘energy to the primary. 

The less it is able to return, the weaker will be this 
current of lower frequency. 

The improvement in quenched gap working, remarked on 
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above, takes place when the natural frequency of the aerial 
is displaced towards the higher frequency, or shorter wave- 
length, produced by in-tune coupling, which has the effect of en- 
couraging the reception of energy, while it discourages its return. 

Under such a condition the aerial is in a more favourable 
state for true impulse excitation. 

The degree of mis-tuning necessary varies with the coupling 



Fiq. 51. — The Effect of increasing the Power in the Condenser Circuit. 

j 

and the circuit decrements. Under certain conditions best 
results are obtained by increasing the wave* length of the aerial. 

The series of curves in Fig. 51 shows the behaviour of one 
of these gaps as the power in the primary circuit is increased 
from 300 watts to 900 watts, the coupling being about 
21 per cent and de-tuning 10 per cent. 

At the higher power, the tuning curve shows a tendency 
to bulge, or form a second hump, not far from the peak, which 
indicates that the power limit for efficient quenching for this 
particular size of gap is being reached. 
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Discs in Series in each of four Circuits for High DUcharge Voltages. 
— The Arc Transmitter. — The Duddell Arc. — Similarity of the Arc 
and Condenser Characteristics — Sugg sted Method of Operation of the 
Duddell Arc. — *-The Static and Dynamic Characteristics of an 

Arc.- — The Duddell Arc Cu,rent. — The Duddell Arc Characteristics . — 
Range of Frequency and Efficiency. — The Improvements introduced by 
V. Poulsen. — Air and Hydrogen Arcs. — The Poulsen Arc Current and 
‘ 70 



CONTINUOUS WAVE TEANSMITTERS 


11 


Potential Curves. — The Poulsen Arc JVorhing Characteristic. — The 
Effect of the Magnetic Field on the Arc. — The Poulsen Arc. — Aerial 
Connections. — The Method of Signalling with an Arc Transmitter.-^ 
The Marconi Expansion Chamber. — A* 26 -kw. Marconi- Poulsen Arc 
Transmitter. — The Valve Oscillator. 


We shall now briefly review some of the principal methods 
adopted to excite the transmitting aerial by means of a 
continuous, instead of an * 

intermittent, supply of 
energy. 

The High-Frequency 
Alternator. — The problem 
of building an alternator to 
produce currents of a fre- 
quency high enough to cause 
resonance in a typical aerial 
circuit, consists in construct- 
ing it so that the current 
frequency lies within the 
range 10,000 per second 
to 1,000,000 per second, 
the former being the present 
practical limit for large 
power station aerials — 
natural wave 30,000 
metres, — and the latter a 
mean value for ship aerials 
— natural wave 300 metres. 

The usual form of com- 
mercial alternator either 
follows the design shown 
in Fig. 52 (A), in which 
the magnet system is the 
stationary part or stator,” 
and the armature the mov- 
ing part or “ rotor,” or else 
the design shown in Fig. 52 j 

(B), in which the magnet system is the rotor and the armature 
the stator ; and the alternator frequency is determined by the 



Fio. 62. — Two Forms of Low-Frequency 
Alternator. 
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number of times per second the same coil in the armature is 
exposed to the influence of a complete cycle of change of 
magnetic field as produced by the relative motion of the two 
parts of the alternator. 

The frequency thus depeqds on the number of pairs of 
poles in the machine and the number of revolutions of the 
rotor per second. 

It is obvious that there is a practical limit to the number 
of poles with their respective windings which can be crowded 
round the periphery of the magnet system, and also that 
there is a safety limit to the peripheral speed of the rotor, 
which must be considerably^ lowered by the presence of 
windings. 

Other difficulties met with in the design of H.F. machines 
are, that all ‘‘ eddy current '' effects — which are produced by 
changes of magnetic field affecting other conducting parts 
of the machine besides the windings — absorb energy in propor- 
tion to the square of the frequency ; and that hysteresis loss 
in the iron increases as the 1*6 power of the frequency; 
also that the reactance of the armature winding (27rnL) 
increases directly with the frequency, so that for a given size 
of machine, if the same output is required, and the same 
potential drop across the alternator on load, the armature 
inductance must be made inversely proportional to the 
frequency. 

It can be readily understood that if the frequency is 
increased while the armature inductance remains the same, 
a value of frequency can be found at which the whole 
E.M.F. generated is only just sufficient to drive a current 
against the back E.M.F. of the winding, in which case the 
machine will givS no output. No more than the absolute 
minimum .number of turns are therefore used in the armature 
coils. 

The Duddell 2000-cycle Machine (Fig. 53), designed 
to produce currents of telephone frequencies, is an illus- 
tration of the best which ha^ been done with the more 
usual form of alternqtorc It follows generally the scheme of 
Fig. 62 (B).* 

The rotor has 3^0 salient poles cut out of the solid, which 
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carry the former wound field windings. It has an over-all 
diameter of 20 cm., and runs at a maximum speed of 
8000 r.p.m., so that its peripheral speed is roughly 84 metres 
per second. The construction and balancing must be very 
carefully done, in order that, the rotor may run with safety 
at a speed of this order, and every connecting lead must be 
lashed rigid. 

The stator is a smooth - surface laminated - iron ring, 



provided with a gramme-ring winding.* The area of each 
pole face is 1*2 cm. by 5*0 cm.; the inductance of the 
armature winding 0*01 hry. ; and the maximum output of 
the machine at 2000 cycles, non-inductive load, 5 amperes 
at 100 volts. • 

But if we relieve the totor of all windings we can safely 
run it at a much higher periphe^l speed, particularly if the 
rotor is given a figure of . strength. Even 300 metres per 
second may be well below the bursting speed. 
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Also if the alternator can be constructed so that the 
frequency is limited not by the spacing of the poles but by 
the width of the armature coils, as it is possible to construct 
very narrow coils we can by this means very much increase 
the number of cycles per revolution. 

The Alexanderson 100,000-cycle Alternator is a good 

example of a machine 
which embodies these 
features. 

The principle on 
which it works may be 
briefly explained as 
follows : — 

We have shown 
that the growth or 
dying away of a mag- 
netic field will produce 
an E.M.F. in space at 
right angles to the 
direction of the field, 
and that this E.M.F. 
will give rise to a 
current in any closed 
circuit conductor 




Fiq. 54. — The Pfincipleof the Alexanderson High- 
Frequency Alternator. 


placed in a suitable 
manner in the changing 
field. 

In Fig. 54 (A) NS 
is an electromagnet. 
If the strength of its 
field is altered by 
varying the current 
through the winding, 


circulating or “ eddy ” 


currents will take place in the faces of the, two solid poles, as 
they are surfaces of conductors in planes at right angles to the 
direction of the field. Now suppose the magnetising current 
remains unalterfed, but a block of iron is inserted in the air gap 


so as to almost fill it (Fig. 54 (B)), then the magnetic field in 



CONTINUOUS WAVE TEANSMITTEES 


76 


.the air space which still remains will be very greatly increased, 
and while it is increasing an E.M.F. will be induced in each 
pole face tending to cause currents to flow at right angles 
to the direction of the field, and also at right angles to the 
direction in which the block was moving when it was inserted 
between the poles ; such currents finding return paths through 
those parts of the pole face away from the iron block from 
which the block has had the effect ot diverting the magnetic 
flux. 

If we wish to prevent such currents we must destroy the 
re-entrant nature of the conductor — we must laminate it ; or, 
alternatively, if we wish to make use of such currents, it is 
best to construct a special pa£h for them in which they can 
be controlled. A properly insulated and re-entrant conductor, 
laid in a channel cut through the polar laminations, will 
experience all the reaction due to induced E.M.F., while there 
will be no useless currents in the pole faces outside the 
conductor. 

In Fig. 54 (C), if the iron block moves in the direction of 
the arrow from the part of the laminated pole face marked A 
to the part marked B, the field at A will be weakened while 
at B it will be strengthened, and E.M.F.'s will be generated 
which will have a tendency to cause currents to flow at right 
angles to the direction of motion of the iron and the direction 
of the magnetic field — downwards where the field diminishes 
at A, and upwards where it increases at B. Then if we 
emhed conductors to carry these currents in slots cut in the 
laminations and join them as shown, when the external circuit 
is completed the movement of the iron will causo a current to 
flow through this circuit. 

A mass of iron, such as the block referred to above, which 
produces by its movement a variation in the strength of an 
existing magnetic field, is called an ‘‘ inductor.” 

Now Alexanderson has multiplied the unit generator 
just described — <Jonsisting of an electromagnet, twh con- 
ductors embedded in eacl? laminated pole face, and an 
inductor of half the width of the pc^e face — some 300 times 
to produce his alternator, the description of which is as 
follows. 
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The rotor C (Fig. 55) is a chrome-nickel steel disc, 12" 
diameter, which acts as an inductor. It is so shaped, that, 
from a small radius to the periphery, the internal strains on 
the material when in motion, due to centrifugal force, are 
everywhere the same, and therefore if the material is homo- 
geneous it will have equal strength everywhere within the 
limits given. 

Near its edge are 300 radial slots leaving 300 radial 
spokes ^ wide. Each spoke and slot constitutes one inductor 



unit. In order to reduce air 
friction to a minimum, a non^ 
magnetic material — phosphor 
bronze wire — is riveted into 
the slots so that the surfaces of 
the disc are perfectly smooth. 

The stator consists of the 
cast-iron frame of the machine, 
D, which acts as the yoke of 
the field magnet, and is threaded 
to take the two circular pole 
rings, B, each fitted with a 
magnetising coil, A. As the 
pole rings can be screwed in or 
out, the gaps between them 
and the inductor are therefore 
adjustable. 

The armatures consist of 
laminated iron strip, E, riveted 
between two brass clamping 
rings which are screwed to the 
face of each pole ring. The 
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cycle Alternator in cross -section. take the armature winding. 

This winding does not consist, 
as is usual, of a number of separate coils connected in series, 
but of a number of separate conductors. A, B, C, etc. (Fig. 56), 
which are independently subject to induction. They are so 
spaced that when one comes opposite a spoke of the rotor the 
next one is opposite a slot, and in order that the E.M.F.^s 
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induced in them should assist each other, the end connections 
join the conductors in series in a zigzag manner. Each pair 
therefore represents an elemental coil. 

The speed of the rotor is 20,000 r.p.m., so that its periphery 
moves at the rate of 1000 feet per 
second ( = 330 metres per second), 
at which it is said still to have a 
safety factor of 6. 

This high speed is obtained 
by means of a double helical gear „ m ai i 

in the gear case G (Fig. 51) cycle Alternator: Relation of 

—which has a ratio of 10:1, 
the driving motor, M, naving a 
speed of 2000 r.p.m. The alternator is marked A. 

The length of the working air gaps between the rotor and 
the armatures may be anything between the minimum clear- 
ance usable with safety, namely 4 mils, up to 15 mils. It 
is advisable to adjust the two gaps so that the terminal 
voltages on the two armatures are equal. 

If the electrical balance is not perfect, and. the air gap is 
small, the thin edge of the rotor may be deflected over to one 
side at full speed, and foul and strip the armature. 

The rotor shaft is driven from the high-speed gear through 
a universal coupling; thrust, T, and steady bearings, S, of 



Fig. 57. — The Alexanderson 100,000-cycle Alternator : View of Set complete — 
Motor, Gear-Box, and Alternator. 



special design arfe used, together with a compensation device, 
C (Fig. 57), which comes ihto play if either thrust bearing 
heats, or forces acting on the rotor for any reason tend to 
make the air gaps variable. The end play allowed by the 
bearings is not more than 1 mil. 



78 WIRELESS TELEGRAPHY AND TELEPHONY 


A small centrifugal pump driven by the chain, P, is 
provided for forced lubrication. 

The maximum output is, of course, obtained when the 
capacity reactance in the external circuit is of such a value 
that it balances the inductanpe reactance of the alternator 
at the working frequency, that is when it causes resonance 
in the circuit. The inductance of the armature winding is 
about 9*24 mhys., and its reactance at 100,000 cycles 5*8 
ohms. It therefore requires a capacity of about 0’3 micro- 
farad to produce resonance. 

If the capacity of the aerial which it is required to excite 



Fig. 58. — The Alexanderson 100,000-cycle Alternator: Scheme of 
Alternator — Aerial Connections. 


has a lower value than 0*3 mfd., it must be connected to the 
alternator through an air -core transformer or jigger of 
appropriate terms ratio, which will be determined by the 
capacity and effective resistance of the aerial, and the scheme 
of connections will be as shown in Fig. 58. 

Under such conditions, with air gaps of 15 mils, an out- 
put of 2 kw. at 150 volts can be obtained. As the input 
of the driving motor is then about 1 2 kw., the over-all efficiency 
is about 17 per cent. 

When output depends very much on resonance, it is clear 
that the maintenance of a constant rotor speed is of primary 
importance. Under working conditions the rotor acts like a 
fly-wheel, and its own energy of motion tends to maintain the 
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Fig. 59. — Alexantlersoii 200,000-cycle Alter- 
nator : Relation of Armature Winding to 
Stator Spokes. 


frequency constant when the load is applied; but for the 
safety of the set it is essential that the necessity for send- 
ing much energy back through the gearing should be 
avoided, and the driving motor is therefore fitted with 
automatic controls which ensure that it runs at unvarying 
speed. 

A further precaution is to keep the load on the alternator 
constant ; that is, the transmission of signals should be efiected 
by transferring the load, by means of the signalling key, 
alternately from the aerial to a dummy circuit having the 
same electrical constants as the aerial. This method of 
working, of course, still further reduces the over-all efficiency 
of the set — the ratio of useful power in the aerial to input. 

Alternators of 
200,000 cycles have 
also been constructed 
on a similar principle 
to the one described, 
but the spacing of the 
armature conductors 

relative to the inductor spokes is different, being as shown in 
Fig. 59, and the number of spokes is 800. 

H.F. Alternator of the Soci6t6 Franjaise Radio- 
Electrique. — Fig. 60 illustrates a 25-kw. alternator which has 
a frequency of 30,000 cycles at a rotor speed of 6000 r.p.m. 

It consists of a stator, S, (Fig. 60 (a)), having a central, 
cylindrically wound, exciter wiiidihg, H; and a single zigzag 
armature winding, Z, in slots on its inside surface. The rotor 
consists of a heavy fly-wheel type of steel disc, with a wide 
periphery fitted with two sets of teeth mounted cylindrically, 
so as to face the armature winding on the stator. 

The flux passes from the part of the stator A, (Fig. 60 (6)), 
to the teeth on the rotor, B, thence along the rotor to the 
teeth C, and returns to the stator, cutting the same armature 
coils at D. , 

In order that the E.M.r. induced in the stator winding by 
the variation in the flux caused by the travelling teeth B, 
shall be in the same direction as the E.M.F. induced by the 
varying flux caused by the teeth C, the teeth C are displaced 
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180 electrical degrees relative to the teeth B (see Fig. 60 (c)). 
The frequency is determined by the product of the number of 
teeth in one of these sets B, or 0, into the revolutions of the 
rotor, each tooth and space corresponding to a pair of poles 
in a standard alternator. There are 324 teeth in each set, 
and the length of each polar tooth is about 4 cm., and 



Fig. 60.— ^i.F. Alternator of the Societe Fran 9 aise Radio-Electrique. 
25 kw. 30,000 Cycles. 


the width *36 cm.; width of slot *38 cm.; maximum depth 
*38 cm. • 

They are made up of stampings of soft iron, said to contain 
some silica, each having a thickness of *05 mm. Stove 
enamelled stampings alternate wit^h all-bright stampings when 
they are assembled together. Each stamping enters into the 
construction of six polar reeth, and is cambered accordingly. 
Each group of stampings has end-plates of brass of the same 
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shape, but of one millimetre in thickness, and is dovetailed in 
a slot in the periphery of the* rotor (see Fig. 60 (d)). 

The 54 polar groups are then gripped in position by means 
of a steel clamping ring, C (Fig. 60 (d)), shaped so that it 
partly enters the slots, and be^rs on the brass end-plates — the 
ring being riveted through at X to a similar ring on the 
opposite face of the rotor holding the second set of polar 
teeth in place. 

The stator stampings have fewer and wider slots than the 
rotor. The arrangement allows larger section copper to be 
employed, less inductance in the armature winding, and there- 
fore more current and higher jpower. There are two slots on 
the stator to three teeth on the rotor. If a rotor and stator 
stamping are put opposite each other, as shown in Fig. 60 (d), 
it will be seen that when the centre of the first stator slot 
which carries the conductor is opposite the centre of a rotor 
tooth, the centre of the next stator slot carrying the wind- 
back of the zigzag conductor is opposite the centre of a rotor 
space, and so on. The creation of eddy currents in the polar 
teeth is thereby discouraged. 

'Each group of alternate bright and enamelled stator stamp- 
ings is mounted in its dovetailed slot, and there are two sets 
of such slots, one on each side of the cylindrical exciter coil ; 
and they are in line, and not staggered like the two sets of 
rotor stampings. 

The 54 groups in each set are mounted in a number of 
stator yokes, which can be moved in towards the rotor, thereby 
providing air-gap adjustment. The stator winding consists of 
a single zigzag of stranded enamelled copper, 'Covered with 
paraffin-waxed cotton, and laid in Bakelite tube. 

The Goldschmidt Alternator. — In any alternator of 
standard design, such as is shown in Fig. 52 (a) or (6), if a 
direct current is passed through the windings on its poles so 
as to produce a constant magnetic field, and the armature is 
rotated in this fiSld, then an alternating E.M.F. will be pro- 
duced in the armature winding having a frequency n, which 
is given by the product of the number of pairs of poles and 
the number of revolutions of the armature per second. 

Now the current which flows through^ the armature wind- 

G 
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ing when the circuit is completed is accompanied by its own 
magnetic field, which is equally capable of reacting on any 
windings cut by it, such as the pole windings. 

If the armature current were constant, its field would be 
constant, and the E.M.F. induced in the pole windings would 
also have a frequency n, as the frequency is determined by 
the product of the number of armature coils and the number 
of revolutions of the armature per second. 

But the armature current and its field are not constant, 
they vary with a frequency n, and this variation has a two- 
fold effect when considered in its inductive relation to the pole 
coils, which can be better understood if we consider the pole 
coils as being made up of active conductors parallel to the 
armature conductors, joined together by end connections. If 
the armature circuit is tuned to resonance by a suitable 
condenser, the current will be in phase with the E.M.E., and it 
will reach its maximum when the conductors are opposite the 
pole centres. 

A field which is increasing in strength, and is at the same 
time approaching a conductor is equivalent to a steady field 
in movement which has a rate of change, relative to the con- 
ductor, of n, the electrical frequency, plus 7i, the mechanical 
frequency, = 2n. 

Also a field which is leaving a conductor, and is at the 
same time decreasing, has a rate of change relative to the 
conductor equal to the sum of the mechanical and electrical 
frequencies, which in this case = 2n. 

But while the armature field is approaching one pole con- 
ductor it is at the same time leaving another, and it is obvious 
that the inductive effects on both conductors must be con- 
sidered, particularly when they are close together, and still 
more so if the frequency of the armature current is a multiple 
of the original frequency induced by rotation in the D.C. field. 

The effect of increasing the strength of the magnetic field 
as it moves away from a conductor is to lessen the rate of 
change relative to the conductor ; that is, the rate of change 
becomes Uy the electrical ^^requency, minus n, the mechanical 
frequency, which in this case equals 0, the tendency therefore 
being to produce a field of constant strength acting on the 
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lagging coil ; and it also follows that a field which is decreasing 
in strength as it approaches a coil generates an KM.F. in the 
coil having a rate of change n, the electrical frequency, minus 
n, the mechanical frequency, = 0. 

Then the total result of this first reactive induction of 
a half cycle of armature current acting on the pole conductors 
of each coil, is to produce in the lading conductor during 
the rise of the current, and in the lagging conductor during 
the fall, an E.M.F. having a frequency twice that of the 
armature current. 

But the pole windings of the standard alternator are not 
designed to encourage currents resulting from induced E.M.F.'s 
of this nature. In the first place they are usually wound 
with many turns of fine wire and their inductance is 
extremely large, so that even if the losses of transformation 
were small, the resulting current could not be otherwise than 
extremely small. 

In the next place the windings are usually well screened 
from the full influence of the armature and field by the 
projection of the pole shoes. Again, much of the energy 
of the varying field is wasted in hysteresis in the pole iron, 
and still more in eddy currents in the pole faces. 

The high-frequency alternator of Eudolf Goldschmidt, 
which makes use of the effect just described, is therefore 
constructed in a manner which tends to eliminate as far as 
possible all these adverse conditions , 

The stator D.C. field winding is similar to the rotor 
armature winding and has the same inductance. It is also 
exposed on the pole face of the stator to the full effect of 
the rotor field (see Fig. 61). 

Both rotor and stator cores are made up of very finely 
laminated iron, 30 per cent of the total bulk of the cores 
being due to paper separators between the laminations. 

The current of frequency 2n induced in the stator winding 
is encouraged to the utmost by shunting the D.C. supply with 
a suitable condenser, (see Fig. 61 (b)), so chosen that this 
condenser and the stator winding constitute a circuit which 
resonates at the 2n frequency. Thus a current generated in 
the armature having a frequency of 10,000 cycles per second 
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may induce a current having a frequency of 20,000 cycles 
per second in the stator. 

But this frequency is still much below what is required 
to excite an average aerial. 

The application of the principle on which this alternator 
works is, however, capable of further extension, provided the 
losses in each transforn>ation of frequency are not too great. 

Thus the current of frequency 2n in the stator is accom- 
panied by its own magnetic field, which, through its cyclic 
variation combined with the relative motion of rotor and 
stator, is able to induce two E.M.F.’s in the rotor winding, 
one of which has a rate of change given by the mm of the 




(a) (b) 

Fig. 61. — The Goldschmidt H.F. 



Alternator. 


frequency of the inducing current 2n and the rotational 

frequency n= 3n, and the other a rate of change given 
by the difference of the inducing current and rotational 

frequencies, namely, 27i — n = n. 

Further, *a current at the higher frequency 3n can he 
developed to its maximum by adding a suitable condenser, 
Cjj, to the rotor circuit (see Fig. 61 (c)), such that the 

inductive ^ath L, resonates at this frequency ; while, if 
the losses due to this second transformation are kept very 
low, the E.M.F. of the lower frequency n induced in the 
rotor winding will practically wipe out the original rotor 

current of frequency n, as it will lag almost 180° of phase 
behind the original E.M.F. generated by the rotation of the 
armature winding in the D.C. field, and will almost equal 
it in amplitude. t 
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This process can be again repeated, the rotor current of 
Zn inducing a resultant E.M.F. of a frequency 47i in the 
stator, while the stator in its turn must be provided with 
a branch circuit having a natural period 4^1, and so on. But 
the present practical limit of transformation is reached with 
the production of a current of 4?i frequency in the stator, 
which is made to feed direct into the aerial as its resonant 
circuit. ' ^ 

The various stages in the growth of the frequency are 
therefore as follows : — 

stator Currents, Rotor Currents. 

D.O. Field- . 

~ + n 



+ 3 /1 ~ n 

+ 4?i 

to aerial 

and the resultant active currents are the U.C. field current 
and the aerial current in the stator, and a current of frequency 
3 71 in the rotor. 

The phase relationships of the various induced frequencies 
as indicated by the signs + and — can be obtained from 
a consideration of the ordinary priiiciples of induction. 

Thus, in a static transformer the field produced by the 
primary current is common to both windings, and the E.M.F. 
it induces in the secondary is in phase with the back E.M.F. 
it induces in the primary, and if there were no other 
E.M.F. 's to consider, currents would result in the windings 
which were in phase with each other, but opposite in phase 
to the original primary current; so also in a rotary trans- 
former of the Goldschmidt type, the primary current of 
frequency + n induces a secondary current of — 2 / 1 , and 
also as a result of the back E.MjF. a current of — n in the 
primary, which completes the first operation. 

In the second operation, the primary current of — 2?! 
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induces a secondary current of + Zn, and also a back E.M.F. 
resulting in a current of + 2% in the primary, and so on. 
At each successive step, the losses increase, as in practice the 
currents of intermediate frequencies do not absolutely wipe 
out ; there is the complication of an additional tuning circuit ; 
and, finally, the necessity of maintaining the speed of the 
rotor constant becomes of increasing importance. For the 
output depends to a very great extent on the establishment 
of a condition of resonance between the induced currents and 
the fixed circuits provided for them, but a variation in the 
original frequency n of the machine; due to a change in 
speed of the rotor, must be multiplied by the number of 
transformations to obtain the variation in the final frequency, 
so that even the very smallest change in speed has a big 
effect in curtailing the output and must be prevented. 

The alternator at the Hanover Station has a single con- 
ductor zigzag winding, forming 384 poles on both stator and 
rotor. The rotor runs at a speed of 3130 r.p.m. and at this 
speed generates 10,000 cycles, which is transformed in three 
steps to 40,000 cycles (7500 metres wave-length). The 
power delivered to the aerial is stated to be 160 kw. with a 
current of 200 amperes. The rotor of the alternator at the 
Tuckerton Station, U.S.A., has 300 poles, is 3 ft. in diameter, 
and therefore has a spacing of *377"' .between centres of 
conductors. It runs at 4000 r.p.m., which gives it a peripheral 
speed of 192 metres per second. The air-gap is less than 
1 mm. There are three steps of frequency transformation, 
from 10,000 cycles to 40,000 cycles. The power delivered to 
the aerial is given as 117 kw. with 140 amperes flowing, and 
the efficiency of the alternator on a long dash, from D.C. input 
to aerial output, as 54 per cent. 

The scheme of connections so far as it concerns the 
alternator is as shown in Fig. 62. The field of the stator is 
first excited by closing the operating key, K, in the battery 
circuit. The current of frequency n= 10,000 cycles, thereby 
generated in the rotor, flows through the resonating circuit 
Lr, Li, Cj. As, at the frequency n = 10,000 cycles, the 
reactance of the shunt circuit Cg is very large compared with 
the path Lj, C^, practically no current at this frequency flows 
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through C 3 . The current at 10,000 cycles in the rotor induces 
a current of = 20,000 cycles in the stator, which flows 
through the circuit adjusted to resonate at this frequency, 
namely, Lg, Lg, Cg, but is prevented from flowing through the 
D.C. exciting circuit by the clicking coils Lx and Lxa> or into 
the aerial-earth-condenser circuit C 4 by reason of the high re- 
actance of this path. 

The current at 20,000 cycles in the stator induces a current 

having a frequency rmma-. 

371 = 30,000 cycles h 

in the rotor, which / V « 

has for its tuned cir- j i 

cuit the path C 3 , i y n Ci 

the shunt L„ Cl hav- cj I*-* 3 P » 3 

ing a high reactance FT^ ^ 

for currents of this I “ 

frequency. j 5 

The 30,000 j “ 

cycle rotor current 1 owmw^ 

creates a current of ^ 

/in non Fig. 62. — The Goldschmidt H.F. Alternator : Scheme of 

4:71 - 4U,U U U cycles Alternator— Aerial Connections. 

in the stator wind- 
ing, which has provided for it the in-tune circuit made up by 
the aerial, Lg, and earth ; while the shunt circuits Lg, Cg, and 
Lx, B, Lxaj have both too high a reactance to divert much of 
the 40,000 cycles energy through them. 

The additional condensers Ci^'and Cg^ come into use in 
place of the plain conductors when the speed of the rotor is 
increased so much that n, the original frequency, is of the 
order 15,000 cycles instead of 10,000 cycles, and the final 
frequency 60,000 cycles instead of 40,000 cycles. 

In order to maintain a constant rotor speed, the tendency 
of the driving motor to slow down when the load is applied is 
counteracted by a relay action — not shown in the diagram — 
of the operating* key K, which, at the moment of closing the 
alternator field circuit, also increases the independent field 
current of the motor, so that the njachine is at the same time 
subjected to a tendency to speed up. 

Static Frequency Changers. — There are several methods 
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available for doubling or tripling the frequency of an alternating 
current, which can ' be used in conjunction with a high^ 
frequency alternator. Two of the simplest of these, which 
depend for their operation on the form of the magnetisation 
curve of iron, will now be described. 

It is well known that the strength of the magnetic field B, 
created in a piece of iron, is not directly proportional to the 

magnetic force H, as re- 
presented by the ampere 
turns of the magnetising 
winding. 

Starting with a com- 
pletely un magnetised bar 
of iron, we obtain an HB 
curve as shown by OMLP 
(Fig. 63). If, on reaching 
the point P, the current 
producing the magnetising 
force H is diminished, the 
rate of fall of the induc- 
tion will be slower than 
its previous rate of in- 
crease, and if H is reversed 
and increased until an 
equal value of induction, 
B, is obtained in the opposite direction, the HB curve will 
take the shape PAG in the same figure. 

A further fall of current, followed by reversal and increase 
to the amount we started with, will complete the cycle of 
change and give us the loop curve PACDP. The curve shows 
that the magnetisation lags behind the magnetising force, 
which effect is termed hysteresis. 

Let us provide the iron with two independent windings, 
and through one of them let us send a direct current of such 
a value that the magnetising force, OX, produces an induction 
OY, at L, on the knee of the curve, and through the other let 
us send an alternating curr'^nt which will produce a magnetising 
force having a maximum value XZ. 

Then when the alternating current assists the direct current, 



Fig. 63. — Static JFrequency Changers : the 
Magnetisation Effects in Iron of Direct and 
Alternating Currents, I. 
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the magnetising force H = OX + XZ, and the change of 
induction is given by the small quantity OY^ — OY = Y^Y ; 
but when the alternating current opposes the direct current the 
magnetising force H = OX — XZ, and the change of induction 
is OY — 0 = OY. The hysteresis loop for the complete cycle 
of magnetisation due to the cycle of alternating current is 
ASLPA. 

This unequal induction effect explams the curves in Fig. 64, 
where 0^ is the time axis, 

OIx represents the value of 
direct current, and 01^ the 
maximum value of the alter- 
nating current; while on the 
corresponding flux curve OY 
represents the induction due 
to the direct current OIx, and 
YYi the increment due to 
the addition of the alternat- 
ing current 01^, the induc- 
tion falling to zero when the 
two currents oppose. 

Vallauri and M. Joly 
have applied this principle to produce a current having double 
the frequency of the supply, in the following manner : — 

Two similar transformers, A and B (Fig. 65), having three 
windings, are connected with their primaries, PP, in series to 
the A.C. supply, their secondaries, SS, in series to the tuned 
double-frequency load circuit LC, and their tertiaries, TT, in 
series through a large choking coil, X, to the D.C. supply. It 
will be seen that when the D.C. field assists the A.C. field in 
one transformer, it opposes it in the other, and vice versa. 

Then if the flux curve (b) (Fig. 66) represents the change in 
field strength in the core of transformer A, corresponding to a 
variation of A.C. current (a), the flux curve (c) represents what 
will occur in the core of transformer B, under the influence of 
the same current. 

The secondary windings, SS, convey the effects of both these 
flux changes to the one circuit. The resultant flux change 
affecting this circuit is shown by the heavy line curve in (d), 




Fig. 64. —Static Frequency Changers : 
the Magnetisation Effects in Iron of 
Direct and Alternating Currents, II. 
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obtained by superposing curves (b) and (c), and the E.M.F. in- 
duced in it in consequence, by the curve (e), which is seen to 




Fig. 65. — The Double - Frequency Fio. 66. — Tlie Double - Frequency Changer oj 

Changer of Vallauri and M. Joly : Vallauri and M. July ; Current, Flux, and 

Transformer Connections. Potential Curves. 


have double the frequency of the A.C. supply, (a). The choke 
X is to prevent current of frequency 2n being generated in the 
D.C. circuit. 

M. Joly’s arrangement for tripling the frequency of supply 
is as follows : — ‘ 

Transformer A (Fig. 67) is fitted with three windings — a 
primary, which receives the A.C. supply ; a secondary, which 
delivers the load current ; and a tertiary, which is used, as 
before, to saturate the core by means of a D.C. current. Trans- 
former B is of standard type, having two windings and an 
unsaturated core. 

The two primaries are connected in series, and the two second- 
aries in series, but so that the induced voltages oppose each other. 

Under these conditions the buiCd-up of the triple frequency 
is illustrated in Fig. 68, w;here curve (a) represents the supply 
current, curve (b) the change of flux in transformer A, curve 
(c) the induced E.M.r. in the secondary of A as a result of (6), 
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curve (d) the secondary KM.F. in the unsaturated transformer 
B, and the heavy curve (e) the - 

resultant E.M.r. of triple frequency 
in the load circuit due to the 
difference of the secondary E.M.F/s 
of transformers A and B. 

Static methods for producing high- 
frequency currents involve, as with 
rotational methods, losses from eddy 
currents and hysteresis, but as con- 
siderations of mechanical strength 
do not now enter into the design 
to nearly the same extent, ilJ is 
possible to keep down such losses to 
the very lowest limits. 

Continuous Oscillations by Fig. 67.— The Triple- Frequency 
the Marcohi “Timed-Spark” 

Method. — If we have a source of 

high-tension direct current, and a high-frequency primary 
j circuit which in- 

/ \ eludes a Marconi 

® ^ >r y ~TJa) disc discharger, we 

x,./ can produce contin- 

uous oscillations in 

- the coupled second- 

^ \ y V y f ary, or aerial circuit, 

* ‘ in very much the 

^As t same way as a pen- 

® (c) dulum is keptswing- 

/ \ ing — by impulsing 

the aerial at the 

Nk t . correct moment by 

a dead - beat dis- 
charge in the prim- 

£ /**\ • /*\ ary, once every com- 

plete cycle of natural 

/ '''' \ / '\ oscillation of the 

aerial* 

Fig. 68. — The Triple- Frequency Changer of M. Joly : .r* . 

Current, Flux, and Potential CurvetS. But lor this tO 
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be possible the disc must run at extremely high speed, it must 
have a large number of studs, and the discharge must be very 
accurately timed. Even then it will only be 
I possible to obtain a maximum frequency of 

discharge suitable for a very long wave-length 
— although such a frequency would be high 
enough to place a decided limit on the power 
that k single disc could deal with. A more 
practical arrangement, although somewhat 
more complex in character — which has, for 
several years now, stood the test of the 
severest working conditions for long periods 
on high po\(^er, and on which a British 
Government Commission in 1913 reported 
more favourably than on any other long- 
distance continuous wave system then in 
use — is described in principle below : — 

The ordinary spark discharge consists of a 
number of trains of high-frequency oscilla- 
tions which succeed each other at regular 
o i intervals, but each train dies out very 

^ [ quickly, or is abruptly cut short by the rota- 

tion of the disc, leaving a comparatively long 
period during which no energy is given to 
the aerial at all. Fig. 69 illustrates the 
case of an alternator supply of 250 cycles, 
a synch! onouS' spark frequency of 500 per 
second, an oscillation frequency of 100,000 
per second corresponding to a wave-length of 
3000 metres, and a wave- train of 20 oscilla- 
tions. The ratio of the non-sparking to the 
sparking interval is then 9:1. But suppose the arrangement of 
circuits is *such that the aerial can be energised from a second 
source during the time the first source is not working, and further, 
from a third source when neither the first nor second sources 
are working, and, if necessary, from a fourth source, etc. ; it is 
conceivable that in this w^y the aerial can be given a continuous 
supply of oscillatory energy ; that is, we can obtain this result 
by using a number of independent circuits producing damped 





Fig. 69. — The Rela- 
tion of Sparking 
Period to Non- 
Sparking Period 
for a Synchronous 
Spark Discharge. 
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trains of oscillations, which act inductively on the aerial in 
timed sequence. 

But in order that the amplitude of the aerial oscillations 
should be constant, the trains of oscillations in the various 
sources of supply must overlap and he in phase. 

In Fig. 70 (a), four similar H.F. circuits are shown, 
numbered 1, 2, 3, and 4 respectively, j^he condensers of which 
are charged in parallel from a source of high-tension direct 
current — in this case an accumulator battery. 

The four disc dischargers are mounted in an insulating 



Fig. 70. — The Marconi “Timed-Spark” Method of producing Continuous 
Oscillatiom. 


manner on the same shaft, and therefore run synchronously, 
but the relation of the electrodes to the disc studs is different 
in each circuit, being such that the condensers do not discharge 
together but at equal intervals apart. Each circuit acts 
inductively by means of a coil P, on a coil S, forniing part of 
the aerial circuit, so that the total effect on the aerial is some- 
what similar to that of a single circuit working at four times 
the frequency of charge and discharge, but it differs in the 
following respect. When the discs are revolving slowly, first 
the train of oscillations started by jdischarger (1) takes place, 
then the train due to the discharge in circuit (2), followed at 
set intervals by the discharges in circuit (^3) and in circuit (4). 
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As the discs increase in speed, the intervals between the 
series of oscillations decrease, and the trains close up, but the 
time from start to finish of each train will in general remain 
unaffected, as it is short compared with the time the studs 
take to pass the electrodes. Ip the exceptional case when the 
oscillation wave-length is very long, the peripheral speed of the 
disc very high, and the widths of the studs and electrodes 
comparatively narrow, the oscillations may be quenched while 
there is still much energy in the train. 

If the discs continue to accelerate, the trains will commence 
to overlap, and finally a speed will be reached at which they 
overlap in phase, and on so many oscillations that the 
combined effect is that of a constant amplitude, as shown in 
Fig. 70 ( 6 ). 

The relative timing of the discharges is of great importance. 
It is clear that only a coarse adjustment can be obtained by 
rocking the disc electrodes in the four circuits, so many 
angular degrees lag, or lead, relative to a given position of the 
disc studs. Electrical timing by means of a trigger spark is 
therefore also employed, the principle of which is illustrated in 
Fig. 70 (c). 

In this diagram the main oscillatory circuits are not shown. 

The potential applied by the main battery, B^, to any of 
the main discs, is of such a value that a spark will not pass 
across the two air-gaps — even when the rotation of the discs 
brings the studs and electrodes to their nearest position — 
until the breakdown pressure is augmented by the extra 
potential supplied by the trigger circuit. 

An oscillatory circuit LC, provided with a disc discharger 
T, is fed from a high-tension direct current supply and 
energises a secondary circuit, /, c, which is tuned to it. 

' The '' trigger disc,'* T, is mounted on the same shaft as the 
four main discs, but it has four times as many studs, so that 
whenever any of the studs on any of the main discs come in 
line with their respective electrodes the trigger disc will be in 
a position for sparking. 

The circuit Z,c, provides the potential for the trigger sparks in 
the branch circuits X, C^, (4), C. ; X. 0,, (3), C. ; X, C„ ( 2 ), 0, ; 
X, C 4 , (1), C^; which i^ encouraged to mount to a high resonance 
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value before discharge by the insertion of the plain spark-gap 
X. The condensers Cg, C 3 , C 4 , C^, tune the branch circuits 
to the trigger wave-length, but mis-tune them to the wave-length 
of the main high-frequency circuits. 

When the high-tension operating key, K, is working, a high- 
frequency spark takes place at T, which is followed by a 
resonance discharge spark at X, in series with main disc 
sparks at whichever discharger has its studs in line with the 
electrodes at that moment. This action triggers the main 
discharge, which has a somewhat lower frequency. 



(a) One Disc used with four Discharge {b) Four Discs in Series in eacli 

Circuits. Discharge Circuit. 

Fig. 71. — The Marconi “Timed-Spark” Method. 


rig. 7 1 (a) shows a variation of the main circuit connections, 
in which one disc discharger can be used instead of four, the 
necessary condition being that the diameter of the discharger 
is such that the spacing of the studs allows the ^electrodes 
connecting to the different circuits to be fitted at the requisite 
angular distances round the periphery, without danger of 
spark-over from ode circuit to another. 

The connections of the trigger circuit in Fig. 70 are such 
as to include both the air-gaps aUeach main disc. It is 
found sufficient in practice if the trigger spark is arranged 
to lower the resistance of only part of the total air-gap, the 
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main battery potential being then sufficient to break down 
the remaining part. 

Particularly would this be the case were a number of main 
discs to be used in series, as shown in Fig. 7l (&), in order 
to deal with a high voltage. It would be necessary to 
trigger only one of them in each circuit. 

Continuous-Wave Arc Transmitter. — Although previous 
experimenters had used similar circuits, W. Duddell, in the 
year 1900, was the first to show conclusively that a short arc 
in air between solid carbon electrodes, when fed from a source 
of constant E.M.F., and having a suitable condenser and 
inductance connected in parallel with it, was able to give 
out a musical note, the audible frequency of which was the 
same as the oscillation frequency of the in-parallel electrical 
circuit. Within a certain range of frequency, the Duddell arc 
was able to produce continuous electrical oscillations. 

A * general explanation of this effect may be stated as 
follows : — 

Under the conditions which obtain when continuous 
oscillations are produced, the arc characteristic — that is, 
the curve showing the relation of the current through the arc 
to the potential maintaining it at the electrodes — is similar 
to tlie operating characteristic of a circuit containing a con- 
denser : they are both falling characteristics. 

As the arc current increases, its effective resistance falls, 
and the potential required to maintain it falls ; and when 
a condenser discharges, the current grows as the potential 
behind it falls. 

When the arc current decreases, its effective resistance 
increases and the arc potential rises ; also when a condenser 
is being charged, the current falls as the current potential 
increases. ^ 

Now the effect of connecting an oscillatory circuit to 
an arc is to make it unstable. The condenser commences 
to charge and takes current from the arc. This alters the 
arc resistance, and the arc potential rises a small amount, 
which adds another sma<!l charge to the condenser, and this 
process continues until the condenser potential reaches the 
same value as that of the supply. But it does not stop 
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here, it receives a further charge from the lagging current 
in the inductance in series with it, so that finally the con- 
denser potential rises above that of the arc. 

This condition tends to start a surge of current back from 
the condenser through the arc^; the condenser potential then 
falls, and the arc current grows, but as it grows it lowers 
the arc potential below that of the condenser ; and this 
process in its turn continues, being assisted by the inductance, 
until the over-discharge of the condenser equals the previous 
overcharge, when again a reversal takes place, and so the 
oscillation is maintained. 

The arc and condenser characteristics are not by any 



Fig. 72. — The “Static Character- 
istic ” of an Arc. 



Fig. 73. — The “Dynamic Charac- 
teristic ” of an Arc. 


means identical ; in fact, as shown above, a difference is 
necessary in order to start a circulating current. 

Fig. 72 shows the direct current, or static characteristic, 
Fig, 73 the alternating current, or dynamic characteristic, of 
an arc, and it will be observed in this last case that the arc 
potential for a rising current is higher than for a falling current. 

This effect is due to the change in the arc resistance 
lagging behind the change in the potential applied to the arc 
— for conductivity depends on the numbers of gaseous ions 
produced by the potential and incandescence of the electrodes, 
and therefore must lag by an anyiunt which is determined 
to a considerable extent by the mobility, or rate of movement, 
of these ions. Again, when once they are produced, the ions 

H 
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must take a definite time either to transfer their charges and 
become neutral, or else to dissipate themselves in the space 
outside the flame of the arc. 


The character of the Duddell arc current is that of an 

oscillatory current of amplitude 
Ig (Fig. 74) superposed on a direct 
current of value 1^, with the result 
that the arc current varies be- 
tween the values (I^ — I^) and 

(Ix + g- 

These values are marked on the static characteristic AB 



Fig. 74. — The Duddell Arc Current. 


of Fig. 75, and the heavy line loop curve shows the dynamic 


characteristic when the current 
oscillates between them. 

The maximum frequency to 
which the Duddell arc will re- 
spond, and its efficiency as a gen- 
erator of continuous waves, are 
both too low for the commercial 
requirements of radio-telegraphy. 
Experimentally, weak currents of 
100,000 cycles and even 400,000 
cycles have been obtained, but the 
practical working limit is very 
much below these values. 



Fig. 75. — The Duddell Arc: its 
Static and Dynamic Characteristics. 


In the first place, the lag of arc current behind potential, 
as indicated by the area of the loop characteristic, is very 
pronounced for air, and it is this lag which determines the 
maximum frequency of the arc oscillations, for clearly the 
arc cannot take up oscillations having a period less than its 
own time lag. 

In the second place, the efficiency of the arc must depend 
greatly on the extent to which the energy of the direct 
current is converted into the oscillatory energy of the con- 
denser current, and the best arrangement is therefore more 
likely to be arrived at when, instead of the oscillatory current 
occurring as a simple rippje on the arc current, its amplitude is 
so great that (1^ ■— I^) = 0 ; that is when it is able to neutralise 
or quench the arc current in the trough of each oscillation. 
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If the supply voltage is kept constant, the oscillatory 
current will be increased if the capacity of the condenser 
is increased. But this leads to increased heating of the 
electrodes, and a consequently greater ionisation of the gap, 
which renders the arc current less responsive to changes 
of potential — the arc will have to work on the lower and 
less sensitive part of its static characteristic, — so that a limit 
is soon reached, above which it is inadvisable to increase the 
condenser capacity. 

An important advance was therefore made in the utility 
of the arc circuit when, in 1903, V. Poulsen introduced 
certain improvements which had the effect of — 

(а) Increasing the steepness of the static characteristic, 
so that for the same change of arc current a larger charging 
voltage was applied to the condenser ; 

(б) Eeducing the area of the dynamic characteristic, so 
that it became possible to use the arc with oscillatory circuits 
of higher frequencies ; 

(c) Quenching the arc each oscillation, which, together 
with (a), increased its power capa- v 
city. 

These improvements were : 

(1) The use of a hydrogenous 
atmosphere for the arc instead of 
air. The greater ionic mobility of 
hydrogen increases the rate of 
de-ionisation of the gap as the 
potential falls, and consequently 4 o| 
extends the* working range of fre- 
quency upwards. A comparison of 35 
the static characteristics of air and 
hydrogen ares is shown in Fig. 76.^ 

As hydrogen does not attack the 
arc electrodes, the latter heat up 

less, and therefore can deal with more power. Coal gas, or 
alcohol, is very often used fhstead of pure hydrogen. 

(2) The use of a water-cooled popper anode. The anode 

^ L. Upson, ‘‘Observations on the Electric Arc,” Proc, Phys. Soc,y 
London, vol. xx., 1907. 
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particularly tends to heat up and to feed the arc with ions. 
By using a good heat conductor, such as copper, and water- 
cooling it, the responsiveness of the arc is improved, its 
quenching is encouraged, and any tendency to start in the 
reverse direction after quenching is discouraged. 

(3) The use of a transverse magnetic field. By its blow- 
out effect on the arc, it progressively extends the path followed 
by the ions until it reaches the breaking point, so that when 
the arc is quenched the de-ionisation is much more complete, 
and the rise of potential on the condenser which then occurs 
is thereby considerably increased. 

(4) The slow rotation of the carbon electrode. This im- 
proves the regularity of the arc, causing the carbon to burn 
evenly, and preventing it from overheating at any one point. 

It is found that the best results are obtained with the 



Fig. 77. — The Poulsen Arc: Current and 
Potential Curves. 


Poulsen arc when Ig is 
somewhat greater than I^, 
so that there is a definite 
interval during which there 
is no arc (Fig. 77 (a)). 
Immediately extinction 
occurs, the condenser re- 
ceives a charge from the 
direct current supply, and 
the potential rises until 
ignition again takes place 
across the almost de-ionised 
gap, when the cycle of 
current is again repeated. 
The best RM.S. value of I 2 
is given by P. 0. Pedersen ^ 
as >/2li. The same in- 


vestigator shows that the extinction and ignition voltage 
curve for the very small working gap used in practice has the 


character shown in Fig. 77 (b), whereas a larger gap — causing 
a higher ignition voltage, V, and •‘greater condenser current, I 
(Fig. 77 (d) and Fig. 77 (^)), but resulting in a lower efficiency 
— will produce a reversal of the arc voltage immediately after 


1 Proceedings of the^Inst. of Radio EngiTieerSy vol. v. No. 4, 1917. 
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extinction. The dynamic characteristic for the small working 
gap is shown in Fig. 78. 

The correct strength of magnetic field depends on the value 
of the arc current, the frequency 
of the condenser current, and pn 
the mobility of the gas in the arc 
chamber. 

As the arc does not require to 
be extinguished so quickly for low- 
frequency currents as for high, a 
weaker magnetic field and a less 
mobile gas can be employed for 
the former than for the latter. 

A field of the correct flux den- 
sity will allow a single arc to ignite 
between the near edges of the elec- 
trodes, to travel outwards, and to be extinguished once per cycle. 

A field which is too strong will cause premature extinction 
of the arc, and will result in a succession of two or more con- 
centric arcs being lit and travelling outwards during each 
period. The resistance of the arc will be increased and its 
efficiency lowered. 

If the field is too weak, the arc will not quench at the end 
of each period, but will continue to be blown out further along 
the electrodes until the potential required to maintain it is 
sufficient to strike another arc across the shortest gap, when 
the first arc will be robbed of its current and will quench, and 
the same process will be again repeated. One arc only will be 
in existence at any one time, it will quench at irregular times, 
and may cause the anode or the cathode support to melt. 
Such an arc is not constant, and its efticiency is also low. 

Fig. 7 9 is a diagram of the Poulsen arc, the water-cooling 
of the anode not being shown. 

The electrodes are connected in series through two high- 
frequency chokes X, X, with the two field windings M^, Mg, and 
an adjustable resistance E, to the direct-current main supply D. 

The air core chokes X,X — which, however, are not always used 
— protect the field windings, and the choke effect of the field 
windings protects the dynamo circuit, from high-frequency surges. 
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The resistance, E, must be in circuit when the arc is struck. 
After this operation, if the deflection of the ammeter in the 
aerial circuit fluctuates, the arc gap is increased or diminished 
by adjusting the cathode until a constant deflection shows that 
the arc is burning steadily, an<} is therefore in a fit condition 
to deal with more power. 

The resistance is then gradually cut out of circuit until full 
power is obtained. 



Fia. 79. — The Arc- Aerial Connections of a Poulsen Arc, 
showing Marconi Expansion Chamber. 


The high-frequency primary circuit consists of the condenser 
C, the inductance coil Lj, and the arc. 

The aerial-earth, or secondary circuit, is direct-coupled to 
the coil Li through the inductance coil Lg, which is preferably 
not part of L^. 

For signalling purposes a mis-tuning device is generally used, 
as the main supply cannot be interrupted without quenching 
the arc. 

The most usual method employed is to short-circuit one or 
more turns of the coil, L^, by means of the operating key, K, 
when spacing is required between signals, so that the wave- 
length is altered by 2 or 3 per cent, which is generally 
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considered sufiicient to stop the reception of signals on an 
instrument adjusted to the working wave-length, as with con- 
tinuous waves sharp tuning is the usual practice. 

Alternatively, the operating key switches over to a dummy 
aerial for spacing purposes. 

A Marconi expansion chamber for the arc gases is indicated 



at E. The use of this fitting in Marconi-Poulsen arcs has 
been found to have a beneficial effect on the arc stability ; to 
slightly increase the aerial current, and the efficiency ; to stop 
explosions ; and to keep the chamber free from soot when either 
alcohol, coal gas, or petrol is used for the arc atmosphere. 

If hydrogen is used, the expansion chamber may be 
connected by a branch to the supply pipe, but a separate 
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connection to the arc chamber is necessary when alcohol, or 
any liquid which requires to be vaporised, is employed. 

A 25-kw. Marconi-Poulsen Arc Transmitter is shown 
in Fig. 80a and Fig. 805. The various parts are lettered 
as follows : — A, Plunger solenoid, for distant control of alcohol 
feed. — B, Alcohol container, showing pressure-equalising pipe. 
— C, Copper anode. — D, Carbon cathode. — E. Electrode 



Fig. 806. — A 25-kw. Marconi-Poulsen Arc Transmitter. Plan. 

insulator; porcelain. — F, Magnet poles. — G, Belief valve. — 
H, Magnet coils. — K, Worm-gear drive for rotating cathode. 
L, Cathode motor. — M, Arc-striking handle. The arc gap 
is altered by rotating the handle, but to strike the arc it is 
pressed and then released. — N, Hinged plate which is swung 
open when it is necessary to remove the cathode. — 0, Cathode 
water-jacket inlet and outlet pipes. — P, Trip control of alcohol 
feed. — E, Cover water-jacl^et inlet and outlet pipes. — S, Arc 
chamber drain-cock. — T, Best for lid of arc chamber when 
the chamber is opened. U, Alcohol drip pipe. 
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This arc works with a gas pressure equal to about two 
inches of water. 

Its magnet windings are in sections, both for convenience 
of adjustment for different wave-lengths and to improve the in- 
sulation. The outermost sections are connected to the arc 
electrodes, and as they are therefore more subject to high- 
frequency surges they are more heavily insulated than the 
others. 

The Valve Oscillator. — In our study of the action of the 
Poulsen arc we have found that the conducting properties of 
hot ionised gases can be turned to very profitable account in 
the generation of continuous oscillations. 

In the arc the currents dealt with are comparatively large, 
necessitating the use as carriers of many gaseous ions of atomic 
dimensions ; but if the currents involved are small, they can be 
carried by much fewer gas atoms — a semi- vacuum can be 
used ; and further, if high potentials are available, even ‘ gas 
atoms can be dispensed with, and very small currents can be 
carried through a vacuum by a pure electron discharge alone. 

The reactions which take place in vacuum bulbs fitted with 
suitable electrodes for use in radio circuits will be studied in 
detail in the next chapter, including the manner in which such 
bulbs may be used for the production of continuous waves. 



CHAPTEE V 


THERMO-IONIC EFFECTS AND OSCILLATION VALVE PHENOMENA 

The Electrical State of Materials at^ High Temperatures, — The Effect of 
High Temperature on the Atom. — The Interchange of Electrons between 
Atoms in a Conductor at High Temperature. — The Oscillation Valve of 
J. A. Fleming. — Its Rectification Effect — The Valve Saturation Current. 
— The Plate Characteristic, — The Effect of increasing the Filament 
Temperature on the Characteristic. — Method of increasing the Rectification 
Effect — The Three-Electrode Valve. — The Control Action of the Grid . — 
Space Charge. — The Amplification Effect — Grid-Plate Characteristics . — 
The Use of different Parts of the Characteristics, — The Effect of altering 
the Filament Current of the Three- Electrode Valve. — The Filament 
sometimes cminected to the Positive End of the Heating Battery. — The 
Operation of an Amplifier Circuit. — High-Frequency Amplification . — 
Low-Frequency Amplification. — The Efficiency of Rectification . — llie 
Retro - Active Effect. — The Reaction Coil. — Simple and Cumulative 
Rectification. — The Production of Continuous Waves by an Oscillating 
Valve. — The Effect of a Condenser in Shunt to a D.C. Generator which 
has a Rippled Wave-Form. — The Reception of. Continuous Waves. — The 
Production of “ Beats.” — A Valve “ Self-Beat,” or “ Self-Heterodyne ” 
Circuit. — The Oscillating- Valve Telephone Transmitter. — The UseofA.C. 
Generators for Valve Circuits. — Typesof Three-Electrode Valve. — Marconi 
Valve Instruments, — Receiver, Type No. 27 . — Field Station Receiver, 
Type No. 38a. — Amplifier, Type No. 55 . — Multiple Tuner used with 
Amplifier, Type No. 65. — Multiple Tuner, Magnetic Detector, and Note 
Amplifier. — Note Amplifier for Use with either Magnetic or Crystal 
Detector. — Short-Distance Wireless Telephone Transmitter and Receiver. 
— Short - Distance Wireless Telephone Set, Type T.T. 2. — Wireless 
Telegraph and Telephone Set, Type T.T. 3. 

Thermo -Ionic Effects. — When a metal is heated, at low 
temperatures it expels gas parcicles, which are positively 
charged ; at high temperatures, when the metal becomes 
incandescent, it sends off streams of negatively charged 
particles — electrons.^ 
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This is a preliminary to disintegration, as the gas particles, 
especially, have assisted — if not by chemical combination, then 
at least by molecular cohesion — in maintaining the strength 
of the material. 

The number of electrons sent off steadily increases with the 

temperature until the melting point of the metal is reached. 

At high temperatures all solid materials conduct, even 

those, such as glass and lime, which are insulators at low 

temperatures. Either they throw off charged gas particles, 

or clouds of electrons which carry the current. 

Many of the oxides are particularly rich in electrons, which 

they give up on the application of heat. 

It has been found that much of the gaseous emission is 

due to chemical affinity between the gas ^ 

contained in the hot body and the atmo- M 

sphere surrounding it, and that it can be [ / 

very much reduced either (1) by removing K 

the atmosphere, — that is, by heating the Ai 

material in a vacuum, — or else (2) by using I i 

a more chemically inert gas, such as nitrogen 

or helium, for the atmosphere. The material () 

can then be heated to higher temperatures 

without melting, the higher temperatures at 

the same time causing a greater expulsion of \ J 

electrons, ' 

Now the disturbance created in^ a gas by 

heating it is one which increases the trans- 

lational speed of its molecules, and as the 

electrons have the nature of an extremely I j 

fine-grained gas, we can imagine the actual \S[ . 

process which goes on when a solid is heated m 

to incandescence to be that of increasing j J 

the translational speed of the secondary V 

electrons along the axes of the atoms, while fio. 8i.— T he Effect of 

the movement of the atoms themselves is also increase of Temper- 

ature on the Move- 

increased, but to a very much smaller degree. mentof theSecond- 
A rise in temperature may be ^expected A^m 

to cause the electrons to spiral in and out 
of the apertures of the atoms (Fig. 81),, and their travel may 
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be made so great that the mutual repulsion of electrons from 
neighbouring atoms becomes more effective in determining 
their paths than the atomic pull, so that they disengage 
entirely from the atoms to which they normally belong, and 
wander about in temporary freedom, until they come within the 
effective range of other atoms which have lost electrons — and 
once more return to captivity. Fig. 82 illustrates such an 
interchange taking place, and Fig. 83 the effective condition 
of the filament. 

While the electrons are free they are available as current 



Fig. 82. — Atoms interchanging Secondary Fig. 83. — The P^lectrical State of a 
Electrons. Glowing Conductor. 


carriers ; but, until they are given direction by a suitable 
EM.F. applied across the gaseous space, they will not constitute 
a current, only a charge surrounding the cathode, being held 
back, although weakly, by the attraction due to the positive 
charges of the atoms which they have left. 

The Rectification Effect. — It is clear that the E.M.F. will 
have most effect when it is such as to draw them away from 
the hot solid, and least when it should tend to drive them 
back again to it. ^ 

This is the principle of ohe electric valve action which takes 
place between two electrodes in a vacuum, when one of them is 
made to expel electrons, while the other is inactive in this respect. 
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An KM.F. which is applied in such a way as to make the 
hot body a cathode, and the cold body an anode, will drive an 
electron current through the intervening space, but no current 
will flow if the cold body is made the cathode. 

In the oscillation valve invented by J. A. Fleming in 1904, 
the cathode, F (Fig. 84), is a carbon or tungsten filament, which 
is mounted in an exhausted glass 
bulb, and made incandescent by 
passing a current through it from 
the battery, B. 

Near it is a cold plate, P, which 
acts as an anode. 

If P and F are now connected 
to an oscillatory receiver circuit 
in the shape of an aerial. A, and 
earth, E, jigger, J, tuning condenser, 

0, and telephone, T, when the 
potential induced on P and F by 

the incoming signals is such as to Two-Electrode Valve 

make P positive and F negative, of J. A. Fleming, 

there will be a tendency for the 

free electrons surrounding F to be driven towards P, and 
a valve current will pass ; but during the second half of the 
oscillation, when the potential is reversed — and P is therefore 
negative — no current will pass between P and F. The tele- 
phone thus receives a number of unidirectional current impulses, 
and the consequent vibration of its diaphragm will give out a 
musical note if these impulses are split up into groups having 
a regular and audible frequency. 

Now the number of electrons which are made available as 
current carriers by the incandescence of the filament is a 
quantity which depends solely on the temperature of the 
filament. 

But this does not necessarily correspond to the number 
which can be made to travel across to the anode as current. 

For among themselves the electrons repel each other, and 
the tendency of those which are furthest from the filament is 
to drive back those which are newly expelled. 

Part of the E.M.F., therefore, which is applied to the 
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electrodes must be expended in driving the electrons carrying 
the current from the immediate surface of the cathode, against 
the opposition of the other electrons which they pass on the 
way to the anode. The current, therefore, for small anode 
or plate ” potentials is also small. 

But as the anode potential is increased, the semi-free 
electrons surrounding jbhe filament will be drawn on to an 
increasing extent to act as current carriers, and there will be 
fewer electrons remaining in consequence to offer opposition, 
so that the rate of change of the current will show a rapid 
increase to a maximum. It will remain at this maximum for 
a certain range of voltage, and then fall as that value of anode 




Fia. 85. — Test Circuit and Plate Characteristic of Two-Electrode Valve. 


potential is approached which is sufficient to draw all the 
electrons temporarily released by the cathode across to the 
anode, when any further increase of potential will have no 
effect in increasing the current. This condition will give the 
maximum, or saturation current for the valve, at that 
particular temperature of the filament. 

We can show this relation very well by substituting a 
battery, (Fig. 85 (a)), with potentiometer resistance, R, for 
the oscillatory circuit JC of Fig. 84, and a current-measuring 
instrument, G, for the telephone. Then, as the potentiometer 
slider is moved towards the positive end of the battery — 
thereby increasing the positive charge applied to the plate — 
the plate current will increase and finally arrive at a steady 
value, as shown by the curve (Fig. 85 (5)), known as the 
plate characteristic. 
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If necessary, we can obtain a series of characteristics 
OA, OB, OC, OD, etc. (Fig. 86), by taking readings over the 
same range of potential for different values of the series 
resistance, r, in the filament circuit. If r is decreased, the 
filament temperature is increased, and therefore also the 
number of electrons available as current carriers, and in 
consequence the saturation current. ^ 

Now the rectification effect is measured by the difference 
of the two currents in the plate circuit obtained when a given 
potential is first added to the plate and is then subtracted 
from it. 



Fig. 86. — Circuit Connections for taking Two-Electrode Valve Characteristics 
at ditferent Values of Filament Current. 


If this potential is very low, it involves only a very small 
part of the characteristic shown in Fig. 85 (&), and the 
rectification current will be proportional to the change of 
slope only over that part. 

But it is obvious from the shape of the curve that the 
change of slope, for equal increments of potential, is not 
constant, and the greatest rectification effect is therefore to be 
expected where the rate of change is greatest — that is, either 
at the lower bend A or the higher one B. 

The actual signal current, as obtained with the circuit of 
Fig. 84, is very small, and the » change of potential it 
represents in the plate circuit is also very small; so that, 
to obtain the greatest rectification effect, it is advisable to use 
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an additional source of potential to bring the working point 
of the valve to the bends A or B on the characteristic. This 
is provided for by the potentiometer circuit R, shown in 
Fig. 87, and the potential due to the signal current therefore 
causes the telephone current- to vary above and below a 
steady value obtained from the battery B. 

But if the valve should be working on its characteristic 
between the points A and B (Fig. 85 (6)), it will show no 
rectification effect, for there is no change of slope, and an 
alternating potential applied to the plate will therefore 
increase the plate current by the same amount as it is 




Fig. 88. — Tlie Three*Electrode Valve 
Fio. 87. — The Plate Potentiometer. Circuits. 

decreased, so that the mean current through the telephone 
will remain the same. Thus adjusted, the valve behaves 
as if it has a constant i;esistance, which is a quality which 
does not lend itself to any useful application in the two- 
electrode valve. 

The Three -Electrode Valve and the Amplification Effect. 

— A development in valve construction will now be discussed 
which does allow the straight part of the working character- 
istic to be usefully employed, and also causes it to have a 
very much greater steepness. 

This development is a third electrode G (Fig. 88), which 
was introduced into the valve by Lee De Forrest in the year 
1913, with the object of using the valve action between 
two of the electrodes to^ control a relay current passing from 
one of them to a third. 

In this arrangement, two circuits are established through 
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the valve, BgFPIB^ and B^FGSB^, in which the filament F 
is made a common electrode. 

The filament is heated in the usual manner, so as to 
provide a semi-free charge of electrons. 

It is made the cathode in .the relay, or '' plate circuit, 
so that under the influence of an E.M.F. these electrons tend 
to be drawn on to a metal plate acting as the anode. 

The potential applied to the anode is maintained constant, 
so that for any given temperature of the filament, the electron 
current to the anode which results should also remain constant 
if only the plate circuit had to he considered, and it could be 
given any value, depending on ^the KM.F. applied, up to that 
of the saturation current for the valve. 

But variability is impressed on this plate current by means 
of a control electrode, G, commonly called the “ grid,” which 
consists of a wire mesh, grid, or spiral, placed near to the 
filament — sometimes surrounding it — and in the direct line 
of the electron discharge. The grid can be made either 
positive or negative relative to the filament, by means of an 
auxiliary circuit having a return to the valve through the 
filament. 

In the connection diagram (Fig. 88) the valve is brought to 
the working point of its characteristic by moving the slider, S, 
on the potentiometer, R, until the correct potential is applied 
to the grid from the battery source, B^. 

Suppose we impress a negative charge on the grid. 

Then the electrons which are streaming through it to the 
plate will experience a repelling force, tending to drive them 
back to the filament. 

The plate current, I, will therefore be reduced. If the 
negative potential on the grid is sufficiently increased, the 
electrons will be unable to pass the grid ; they will remain 
as a space charge between it arid the filament, and the plate 
current will cease. 

A further increase of negative potential will tend to reduce 
this space charge by driving the electrons back into the 
filament. As the grid is negative, aiid the plate is positive, 
and their external circuits communicate, it might be thought 
that a current would pass between them ; but any such 
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current would have a negligible value, as the grid temperature 
is too low to cause thermal expulsion of the electrons, and the 
number freed by other causes is so few that the leakage 
current due to them would be hardly felt. 

But suppose we impress a positive charge on the grid. 
This will encourage the electron discharge, and the grid being 
nearer to the filament than is the plate, a larger increase in 
electron current will result than if the same charge were 
added to that already on the plate, the grid not being present. 

The valve electron current will divide, so that only a 
small part of it will feed the grid circuit, while the greater 
part — owing to the plate vpltage being maintained much 
higher than that of the grid — will traverse the grid and 
enter the plate circuit. 

As the positive potential of the grid is increased, more and 
more current will flow to the plate, until the saturation value 
is reached. This value depends on the total number of 
electrons released by the filament, minus that fraction which 
is diverted into the grid circuit as current, so that in the 
case of a hard valve, or one having negligible gas content, 
if the grid circuit and plate circuit were to have equal 
resistance, the sum of the two currents at saturation would 
be approximately the same as* the saturation current through 
the plate circuit when the grid is not in use. 

It can now be understood how a small change of potential 
on the grid is able to caqse a large change of current in the 
plate circuit. The increased sensitiveness of the three- 
electrode valve due to this amplification effect, as compared 
against the same valve used with two electrodes only — the 
grid being disconnected, — is indicated in Fig 89, where OP is 
the plate characteristic, and QG the grid-plate characteristic. 

For the same change of current (T 2 — Ii), a change of 
potential of = 4 volts, is required in the first case, and =50 
volts in the second. 

The values of grid and plate potentials are given relative to 
that of the end of the filament connected to the negative pole 
of the battery, which is laken as zero. 

Fig. 90 shows an interesting family of such curves. Curve 
OP is the plate characteristic given by a certain valve on 
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a constant filament current, the third electrode not being 
in use. 


When this valve was worked with a constant potential of 


45 volts on the 
plate, that is at 
point A on OP, and 
the grid potential 
was varied above 
and below zero, it 
gave the grid-plate 
characteristic 9 A. 
At the same time 
the current through 
the grid circuit gave 
the curve OA. 



Fig. 89. — Three-Electrode Valve compared against a 
Two-Electrode Valve for Sensitivity. 


Another pair of grid characteristics, 17B, and OB, were 
obtained using 90 volts on the plate, that is when working at 
the point B on curve OP, and still further tests with 135 



Fig. 90. — Grid-Plate Characteristics, at different Plate Voltages. 


volts, and 180 volts on the plate, gave the curves 200,00, 
and 30D,-OD, respectively. , 

An examination of Fig. 90 shows that the grid voltage re- 
quired to produce a rectification effetA — when the valve works 
on a bend of the curve, — or an amplification effect — when the 
valve works on a straight part of the curve, — is very different 
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for the various plate voltages applied ; although, as the curves 
are practically parallel, the degree of amplification or rectification 
within certain limits remains very much the same. 

Where the principal difference arises is in the relation of 
the grid current to the plate current. 

It will be seen that as long as the grid potential is negative 
there is no grid current, so that if, by means of the potentio- 
meter slider, we adjust the potential on the grid to a value on 
the straight part of the curve, and then superpose on it a sine 
wave alternating potential such as would be caused by a signal 
current, then, if these alternations do not cause the grid to be- 
come at any time positive, true amplification will result, as the 
amount the plate current is increased above the normal will be 
equal to the amount it is decreased below the normal. 

When, however, the grid is made positive, a grid current 
flows which has a comparatively high value for low plate 
voltages, and a low value for high plate voltages. 

The grid current, as we know, consists of a stream of 
negatively charged particles drawn olf from the filament, so 
that its effect is to partly neutralise the positive charge on the 
grid. The result, therefore, of superposing a sine wave signal 
current on the grid circuit such as will cause the grid to 
alternate from negative to positive, will be to cause an unequal 
variation in grid voltage above and below the normal, so that 
a rectification effect will be introduced. 

If the grid always renwiins positive during the alternations 
of signal current, then whether amplification takes place or 
rectification will depend on the relative slopes of the two 
current curves ; but in any case the results will not be so good 
as those obtained when the grid adjustment is such that it 
always remains negative. 

Amplification of small signal currents can best be obtained, 
therefore, with medium plate voltages and a negatively 
charged grid, amplification of heavy current by using high 
plate voltages and a more negatively charged grid. 

But where rectification alone is required, quite low plate 
voltages may be used wfch low grid potentials, as the valve 
will then be working on the lower bend of the characteristic. 

The effect of altering the valve filament current is shown in 
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Fig. 91. — The Effect of altering the 
Filament Current on the Grid- 
Plate Characteristic. 


the series of curves of Fig. 91. These curves resemble those 
obtained when the filament current of a two-electrode valve is 
varied, as shown in Fig. 86, in 
that the potential required to 
produce a saturation current 
moves to the right as the fila- 
ment current increases ; but 
with the three-electrode valve 
this also means that the grid 
potential required to produce 
amplification becomes increas- 
ingly positive, and that there is 
current in the grid circuit. 

The advantage of keeping the 
grid always negative relative to 
the filament is the reason why 
the filament is sometimes con- 
nected to the positive end of 
the heating battery, as shown in 
Fig. 92. 

This allows a smaller negative charge to be used on the 

grid than if the 
filament were con- 
nected to the 
negative end of 
its battery, and 
therefore fewer 
cells are necessary 
in the grid poten- 
tiometer circuit. 

Then the opera- 
tions which take 
place in a simple 
amplifying receiver circuit, such as is shown in this same 
figure, are as follows : 

The signal current generated in the aerial circuit AME 
transfers its energy by means of thg coupling coil, M, to the 
circuit LG, which is tuned to the incoming frequency by the 
variable condenser C. This causes a small high-frequency 



Fig. 92. — The Filament connected to the Positive End 
of the Heating Battery. 
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potential to be impressed on the grid of the valve, which 
results in a variation of the plate current at the same 
frequency. 

The plate circuit is tuned to the frequency of its supply by 
the variable condenser, C^, and its resonance potential is then 
impressed on the crystal, X, in the detector circuit. 

The crystal causes a rectified current to flow through the 
telephone, T, and, as this current has been given a group 
frequency, as distinct from, its wave-length frequency, which is 
well within the audible range, the telephone gives out an 
audible note. 


As the amplification will be the same anywhere on the 
straight negative part of the grid-plate characteristic, the 
position of the slider, S, nearest to the centre of the potentio- 
meter, which gives strongest signals on the telephone, T, in the 
crystal detector circuit XT, will be the best to use. 

High-Frequency Amplification takes place when the 
signal current — or its derivative — is amplified lefore being 
rectified ; when, in fact, the current has such a character that 
it is unsuitable to apply to a telephone. The example given 
in Fig. 92 is a typical case. 

Low-Frequency Amplification is the process applied to the 

I signal current after 

^ its form has been 

altered by rectifica- 

o~l 1 1 

o _ _ T f Q i affect a telephone. 

o -- i 

E-_L ^ i is 

. L I the rectified current 

E j potential to the valve 

Fig. 93. — Low-Frequency Amplification. 

the step-up iron core 

transformer T. Both forms of amplification have their special 
uses and their limitations. 

H.F. amplification allows very selective circuits to be used 
on a receiver, for no matter how weak the signal current is made 
by such circuits, it c^n be amplified up again before rectification. 
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But very strong signals may not always require H.F. 
amplification. They can be weakened by loose coupling 
selective devices to the minimum strength required for efficient 
working of the rectifier, and the rectified current can be 
strengthened by L.F. amplification — also known as “note 
magnification — rbefore it reaches the telephone. 

The same arrangement applied to weak signals, however, 
would allow less selective tuning to be used, and therefore 
more interference would be amplified into the telephone circuit 
in addition to the signal current required. 

The Efficiency of Rectification, whether by valve or 
crystal, depends very considerably on the magnitude of the 
current to be rectified. 

Let us take a typical valve characteristic (Fig. 94); then 
greatest rectification 
will be obtained if we 
apply an E.M.F., OB, 
to the grid, so that the 
valve will function at 
the point A, where the 
rate of change of slope 
is greatest. 

Suppose a small 
E.M.F., V, due to a 
current I, in the circuit 
LG (Fig. 9 6), to which it 
is directly proportional, 
is added to the grid 
potential OB. This will 
cause the plate current 
to rise to the value FE. 

Subtracting the same 
small E.M.F.,?;, from the 
grid potential OB, will 
cause the plate current 
to fall to the value CD. 

Rectification results when the current increase above the 
normal is different from the current decrease, and, for simple 
alternating E.M.F.'s, it can be shown that its value is given 
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in the diagram by the current EX, obtained by extending the 
straight line joining CA until it cuts EF at X. 

But suppose now that a larger alternating E.M.F. of value 
Vj, due to a corresponding current I^, is applied to the grid 
potential OB, such that the maximum and minimum currents 
which result are E^F^ and respectively. Then the line 

joining 0^ to A cuts E^F^ at the point X^, and E^X^ is there- 
fore the rectification current, which is seen to be much greater 
in proportion to EX than is to v, or to I. 

This is one reason why, with weak signal currents, it is 
very desirable to amplify them first and rectify them afterwards, 
instead of carrying out these operations in the reverse order. 

If there is any signal at all it can be brought up to normal 
working strength for efficient rectification by using suitable 
amplifying devices, but a weak signal may be mutilated or 
lost altogether by attempting first to rectify it. 

A crystal detector circuit, for instance, which includes 
telephones, requires a certain minimum amount of energy to 
produce audible signals. 

If the aerial supplies less than this minimum amount, 
it can be utilised if it is passed through an amplifier before 
it reaches the crystal, but it will be wasted if it is required 
to work the crystal circuit before affecting the amplifier. 

The Plate Current Retro-Active Effect. — A single valve, 
with the best adjustment possible of a simple amplifying 
circuit, may not be able to bring the H.F. current up to the 
requisite strength for efficient rectification. 

If, however, we cause the small amplified current in the 
plate circuit to react back on the grid circuit, and in such 
a manner as to assist the grid current and therefore to 
build up the grid voltage, then a still greater plate current 
will be produced. 

This is the purpose of the reaction coil, E, shown in the 
two diagrams of Fig. 95, introduced by C. S. Franklin, which, 
by means of its inductive coupling, transfers a small part 
of the energy released in the ptate circuit back to the grid 
circuit, and thereby boo^^s up the grid voltage, and conse- 
quently the plate current, to a much higher value. In 
diagram (a) retro-action is being introduced to improve the 
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rectifying action of the valve, and in diagram (6) to improve 
amplification. 

The energy required for this process is taken from the 
plate battery ; all that the 
signal E.M.E. does is to re- 
lease it, and the amount used 
depends on the degree of 
coupling of the reaction coil 
to the grid circuit, which is 
necessarily made adjustable. 

So much energy may be 
given to the grid circuit in 
this way as to compensate ’ 
for all its losses, so that its 
oscillations are permanently 
maintained, and the valve and 
its circuits as a whole act as 
a continuous oscillator, the 
transfer of energy taking place 
from the plate circuit to the 
grid circuit, and then back from 
the grid to the plate circuit 
again. This state is not what 
is required for the reception 
of spark signals, as it would 
continue after the signal cur- 
rent in the aerial had ceased. 

The coupling of the reaction 
coil should therefore be ad- 
justed below the value which 
will bring this condition about. 

Instead of using a magnetic coupling, a reaction effect can 
be obtained by connecting the two circuits through a suitable 
condenser and resistance, or even by a simple resistance alone ; 
although the capacity coupliTvg, which always exists in some 
measure between the valve circuits, while it can often be 
usefully employed, is very often a ^disadvantage to a receiver, 
as it renders it less selective, and may, under certain conditions, 
cause the valve to work in an unstable manner. 
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.Fia. 95. — The Use of a Reaction Coil. 
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Simple and Cumulative Rectification. — In simple recti- 
fication, the grid, G (Fig. 96), is given a certain small negative 
potential with reference to the filament by means of the 
potentiometer, P, in order to make the -valve function at the 
bend of its characteristic. 

If (a) represents two wave-trains induced in the tuned 
oscillatory circuit, LC, by the signal current in the aerial, AE, 
then the variation of potential on the grid which results is 
shown by (&). The change in the plate current which takes 
the path through the condenser shunting the telephone 
is shown at (c), and the effective current through 
the telephone winding by curve (d ) — the large inductance 



Fig. 96. — Simple Rectification. 


of the instrument having the effect of heavily damping the 
oscillations down to a mean current value. 

By inserting a small condenser, (Fig. 97), in the grid 
circuit, we can obtain a cumulative rectificatimi effect^ and we 
can then afford to work without a grid potentiometer. 

We may assume that the grid, to begin with, is at the same 
potential as the filament (Fig.* 97 (6)). 

When the oscillating current in LC makes the grid more 
positive than the filament, a flow of electrons from the filament 
results, which neutralises the grid charge ; but when the grid 
is made more negative, there is no flow from the filament, 
and the charge — which is prevented from returning into the 
grid circuit by the condenper — is retained by the grid. 

Every succeeding complete oscillation in LC tends to add 
something to the negative potential of the grid, so that at the 
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end of the wave-train it has reached quite an appreciable value 
(see Fig. 97 (6)), and the plate current, as shown by Fig, 97 (c), 
falls by a proportionally large amount. The telephone current 
curve is indicated at (d), and the amplitude of the telephone 
diaphragm is proportional to this current. The valve, or its 
circuits, must now provide some means of discharging the 
grid in order that it may return to its original state for 
receiving the next wave-train. 

Soft valves, or those which contain gas, bring this condition 
about by means of the positive gas atoms, which bombard 
the grid and cause its potential to slowly fall ; but with hard 



Fig. 97. — Cumulative Rectification. 


valves it is necessary to provide a resistance leak, across the 
condenser of several thousand ohms, to produce the same effect. 

The Production of Continuous Waves by means of 
an Oscillating Valve. — Given a retro-active valve circuit 
as described on page 121, it is a simple matter to so arrange 
its adjustment as to turn it into a valve generator of continuous 
oscillations. 

On making contact with the operating key, K (Fig. 98), 
which is placed in the grid circuit, a certain potential — which 
is determined by the position of the slider on the potentio- 
meter, P, — is applied between the grid and the filament. 

This causes a"" variation in the plate current flowing through 
the inductance coil LE, which is sufficient to start a small 
oscillation in the circuit LEG. 

The resulting current reacts by the induction of the 
magnetic field due to the coil E on th§ grid circuit, causing 
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a variation in grid voltage, which can be given considerable 
amplitude if the grid circuit is tuned to the frequency of the 
plate current. 

The coupling of E is adjusted so that just sufficient energy 
is fed into the grid circuit to keep the valve oscillating, and 
this action continues as long as the key K is depressed. 

To apply this valve oscillator to an aerial in order to 
transmit signals, it is simply necessary to couple the aerial 



Fig. 98. — A Three-Electrode Valve 

Circuit for the Generation of * Fig. 99. — A V alve Oscillator coupled to an 
Continuous Waves. Aerial. 


to the plate circuit — that is, where the energy is greatest — 
by means of an inductance coil, as shown at (Fig. 99), and 
arrange that the aerial and the plate circuit are in tune. 

If the coupling is made too strong, two widely different 
oscillation frequencies will be produced, and the corresponding 
waves which are radiated will divide the transmitted energy 
between them. Clearly, a weak coupling will be much better, 
as all the energy will then be radfeted by two waves differing 
so little in length as to b^ equivalent to a single wave-length. 

Fig. 100 shows a simplified form of continuous wave 
transmitter which can be used when the self-capacity of the 
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valve is very small compared with the capacity of the aerial. 
The reaction coupling is adjustable, but the aerial coupling is 
made direct to the plate circuit. 

In Fig. 101 the plate battery has been replaced by a high- 
tension machine D, which is shunted by a large condenser Cd 
of about 1 or 2 infds. capacity, in order to wipe out any 
inequalities in the voltage applied to the valve, which cause 
noises in the telephone at the receiving station. An oscillo- 
gram of the E.M.F. of a 150-watt 2000- volt D.C. generator 
is shown in Fig. 102 (a). When a condenser of 1 mfd. capacity 



FuJ. 100. — A Simplified Form of ator used in place of a Plate 

Valve Oscillator Circuit. Circuit Battery. 

was connected across its terminals, the machine delivered an 
almost unvarying voltage supply to the plate circuit of a valve, 
as shown by the oscillogram, Fig. 102 (h), although the current 
through the machine itself — Fig. 102 (c) — was very rippled. 
It will also be noted in Fig. 101 that the battery voltage 
applied to the grid is fixed. Eeference to the curves of Fig. 
90 and Fig. 91 will show how this reduction in adjustment 
can be made possible. 

The valve is acting as an amplifier, and therefore should be 
working on the straight part of its grid-plate characteristic. 

Then if we fix the voltage applied to the grid, we can 
adjust the valve to the required working position by either 
altering the filapient current — which shifts the position of the 
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top bend of the cliaracteristic while it hardly affects the lower 
bend, — or we can alter the plate voltage — which shifts the 

characteristic bodily, with very little 
change of slope, to the left for an 
increase, and to the right for a 
decrease. 

For preference the filament 
current should be adjustable, and 
both grid and plate potential fixed. 

The Reception of Continuous 
Waves. — In order to detect con- 
tinuous wave signals it is necessary 
either to break the signal current 
up into groups of oscillations, or 
else to create a “ beat in it by 
causing its amplitude to vary 
periodically, the group or beat fre- 
quency coming within the limits of 
audition, that is between 10,000 
and 20 per second. If this is not 
done, a click will be heard in the 
telephone at the beginning of each signal, and a click at the 
end, but nothing more. 

The signal current can be chopped up by means of a 
mechanical interrupter, or tikker,'' in the aerial, which breaks 
circuit the required num- 
ber of times per second, or 
by using an imperfect con- 
tact such as that given by 
a fine — but clean — wire, 
bearing in a V-groove on 
a running metal pulley. 

But the most practical 
and efficient method is to 
make use of an independ- 
ently-generated, continuous-wave current, to create beats by 
interference in the receiver circuits ,with the incoming signal 
current. 

Let Fig. 103 (a) represent a series of potential oscillations 


Fig. 102. — Oscillograms showing 
the Effect of a Condenser on a 
Fluctuating Direct Current 
Supply. 




Fig. 103.- 


-The Rectification of Continuous 
Oscillations. 
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of unvarying amplitude due to the signal current, which have 
been started in the grid circuit, and the full line curve of Fig. 
103 (b) the resulting plate current ; if the high inductance of a 
telephone is included in the plate circuit, the ripples in (b) will be 
damped out, and the mean ^ ^ 

current shown by the ^'o — /\/\ / \ / - ^ (<^) 
dotted line will result. “ /% /^ /^ /^ /^ /^ 

A click will be heard in 
the telephone at the be- 
ginning of the signal ♦ A A A A 

point A on the curve, -^1 - A -- 

where the mean current \J \J 

rises, and another click at ,,, 

y0 

the point B, where the " f\ A A 

signal ceases and the * \ / / \ / \ 

mean current falls. \J Vy \ 

Now suppose an addi- ^ a 

tional current, (b) (Fig. ( \ /\/-\/\y\ / V 

104), is induced in the 1 ^ 1 * 

grid circuit, of slightly 

greater frequency than — ' ‘ 

the signal current (a)(Fig. (f ) 

104). 104. — Two Sets of Continuous Oscillationsj 

Then the resultant 
current curve Fig. 104 (c), 

obtained by superposing (a) on (/>), is seen to contain beats,” that 
is, a harmonic sequence of maximuin and minimum amplitudes. 

The potential applied to the grid (Fig. 104 (d)) varies in 
a like manner, so that with the valve adjusted to act as a 
rectifier, a plate current such as is shown in Fig. 104 (e) will 
be obtained, and the current through a telephone arranged in 
shunt to this circuit will be undulatory in character (see Fig. 
103 (/)), the number of undulations corresponding to the beat 
frequency, which will be determined by the dijference between 
the signal current frequency and that of the impressed current. 

' In Fig. 105 the signal Current oscillations set up in the 
aerial circuit ALCE mix with c^cillations of very nearly 


Fia. 104. — Two Sets of Continuous Oscillationsj 
of different Frequency employed to produce ] 
a Beat Frequency. 


equal frequency produced by the generator, G, which are 
induced into the same circuit by means of the coupling coil, M. 
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The beat current which results therefrom in L causes a 

variation in the grid poten- 
tial applied by the potentio- 
meter, P, and the telephone 
in the plate circuit responds 
to the beat current. 

The independent gener- 
ator, G, can be replaced by 
a modification in the valve 
circuit, as shown in Fig. 
106. 

The rectified current in 

the^^'plate circuit, PL^MBF, 

impulses the circuit L^MC^, 

which is tuned by the 

condenser to almost the 

Fig. 105. — An Arrangement of Circuits em- same frequency aS the 
ploying a separate Generator to produce . i 

a Beat Note. received Signals, The oscil- 

lations started in L^MC^ 
are then made to react back on tlie aerial circuit by 
means of the coupling coil, M, so as to produce a beat current, 
which, in its turn, 
creates a beat poten- 
tial on the grid, and 
consequently a varia- 
tion in amplitude 
of the telephone 
current such as is 
required for note 
signals. 

The Oscillating- 
Valve Telephone 
Transmitter. — In 

this case the circuits 106.-A Valve Circuit .^ranged as a Self-Beat 

Generator and Detector. 

of the three-electrode 

valve are arranged as for a continuous wave oscillator, with 
coupling to an aerial to forin a radio transmitter. 

The resistance of a microphone, which can be varied by 
speaking into its mjouthpiece, is then used to control the 
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amplitude of the aerial current, either by inserting the 
microphone direct in the aerial circuit, or by suitably coupling 
it to some other part of the complete transmitter. Eig. 107 
shows a simple direct arrangement, capable of giving good 
results. 

The retro-active effect of the plate oscillatory circuit LpCp, 
on the grid circuit, is adjusted by means of the coupling to the 
point at which continuous oscillation tSkes place, the frequency 
of oscillation being set by means of the adjustable condenser 
Cp to that of the aerial. 

The inductive coupling between and Lp, whereby the 



with Microphone in the Aerial Circuit. 



Fig. 108. — A Valve Telephone 
Transmitter with Microphone 
arranged to affect the Grid 
Circuit, 


aerial circuit is caused to oscillate, is adjusted to that degree 
at which the maximum glow takes place in the tuning lamp T, 
at one position only of the variable condenser Cp. If two such 
positions are found, the coupling should be weakened. 

With this adjustment made, the valve and its circuits can 
be used as a telegraph transmitter by operating the key K in 
the grid circuit. For telephony, K is closed, and the operator 
speaks into the microphone M, whiyh is inserted in the aerial 
lead to earth. 

An alternative circuit is illustrated in Fig. 108. 

3 

K 
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The microphone is made to affect the grid circuit through 
the intermediary of a step-up transformer, the current for the 
microphone being obtained from the filament battery. 

As the transformer secondary winding is likely to increase 
the natural period of the complete grid circuit to a value 
greater than that of the aerial, it is advisable to use a tuning 
condenser Cq, across the inductive coil Lq, in order that the 
resonance effect of at feast part of the circuit with the aerial 
wave-length may be made use of. 



Fig. 109. — An A.C. Generator employed with a Valve Telephone Transmitter. 


The Use of A.C. Generators for Valve Circuits. — The 

employment of high-tension batteries for the plate voltage 
supply, although very convenient, has certain drawbacks. The 
batteries are expensive, they require to be renewed frequently, 
they are affected by climate, and it may not always be possible 
to get renewals. <- 

Under certain conditions an- alternating current supply 
may be used with advantage. Its application to a wireless 
telephone circuit is illustrated in Fig. 109. 


THEEMO-IONIC VALVE CIECUITS 1 3 1 

Current is taken from the alternator G, to the primary P, 
of a transformer. 

A secondary winding, Sj, provides a low-tension heating 
current for the filament of a two-electrode rectifier, E. 

A high-tension secondary >yinding, Sg, which has one end 
earthed, applies a potential of 6000-9000 volts to the plate of 
the valve E, and on completing the circuit a rectified broken 
current passes between the plate and the filament. 

The plate-filament circuit of the oscillating valve 0, is 
directly in series with the plate and filament of the rectifier, 
but the current in flowing from one to the other has to pass 
through a series of inductance coil and condenser combinations, 
L 2 , C 2 , and Lp Cj, etc., which have the effect of wiping out the 
fluctuations in the supply. 

The heating current for the filament of the oscillating valve 
is also supplied by the same transformer from a secondary 
winding, Sg, one end of which is earthed. 

The only battery used in the complete transmitter is there- 
fore that in the microphone circuit. 

If the adjustments are suitable, noise from the AC. supply 
is practically eliminated. 

Types of Three-Electrode Valve. — Several forms of 
Marconi-Eound three-electrode valve are illustrated in Fig. 110. 

The transmitting valves are marked ‘‘ T,” and the receiving 
valves are marked “ E,’’ Their working conditions are 
tabulated below : — 


No. 

1 

Type. j 

Plate Volts. 

Filament Current. 

Ti 

•1 i 

M.T. (1) 

6000-9000 volts 
rectified A.C. 

5 amps. 

T„ 

T.N. 

2000 volts D.C. 

4-4*5 amps. 

T., 

L.T. 

1500 „ „ 

1-1-2 „ 

T 4 

S. j 

800 „ „ 

1 ; 


1 

N. 

1 40r80 volts D.C. 

' 1 

2*5 amps. 

R.) 

C.A. 

' ‘ 200 „ „ 

2-5 „ 

K 

q; 

1 150-200 „ • „ 

0'35-0-4 „ 

R 4 

V 24. 

24-60 „ „ 

0-7 „ 

1 
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The filaments are looped in T\, Tg, R^ and Rg, and straight 
in T 3 , T 4 , Rg and R 4 ; T 2 having three filaments which are used 
separately — when one burns out, another is used. 

The grids — with the exception of that of T 4 , which is a 
wire spiral — are all cylinders of narrow-rnesh wire gauze. 

The plates — with the exception of that of T 4 , which is a 
wire spiral — are all cylinders of sheet^ metal. 

Rg is not now in use. 

Oscillation Valve Instruments. — The various effects of 
rectification, amplification, and retro -action, which have been 
separately discussed, are often combined in the modern valve 



Fig. 111. — Marconi Receiver, Tyj^e No. 27. 
General View. 


receiver, or transmitter, as will be seen in the descriptions 
which follow of some of the types now used in practice. 

Marconi Receiver, Type No. 27. — This instrument (Fig. 
Ill) has a wave-length range of 600 metres to 5000 metres; 
it can receive either spark signals or continuous waves, it is 
provided with both crystal detector and valve ; balanced 
crystals can also be employed if atmospherics are trouble- 
some. 

A plan of the top of the instrument is shown in Fig. 112 
{a). The scheme of connections f^r receiving spark signals, 
which comes into play when the change-over switch is in 
the position given in the diagram, is that of Fig. 112 (&). 
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The aerial circuit is provided with an adjustable inductance 
L^, and variable condenser C^, for the purpose of tuning, and 
a reaction coil Lr with a tapping for use with short waves. 



Fig. 112. —Marconi Receiver, Type No. 27. 

(rt) Plan of Top of Instrument. (6) Scheme of Connections for receiving Spark 
Signals, (c) Scheme of Connections for receiving Continuous Waves. 


The oscillatory part of the^ plate circuit includes an 
adjustable billi condense Cp, and an inductive winding 
having three tappings to which connection is made by the 
switch J. 
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The valve is used as an amplifier. The signal current is 
boosted up by the retro-active effect of the coupling at M, and 
either one or both of the crystals are used as detectors. A 
low -resistance telephone is coupled to the detector circuit 
through a transformer. If the valve filament current is 
switched oft‘, the instrument becomes a plain crystal receiver, 
the coil Lr with its variable coupling acting as the jigger 
primary, and Lp as the jigger secondary. 

When the switch is changed over to the position marked 
AKC, the crystal detector circuit is permanently opened, and 
the telephone transformer is removed from it to the plate 
circuit, as shown in Fig. 112 (c). 

The valve now acts as a rectifier ; by adjusting the con- 
denser Cp the plate oscillatory circuit is slightly mistuned to 
the aerial wave, so that by retro-action back on the grid circuit 
through the coil M it can produce beats, which, in their turn, 
can be rectified and thus give audible signals. 

A 6-volt 40 -ampere-hour accumulator battery is provided 
for the valve filament, a 2 00- volt dry-cell battery for th^ 
plate circuit, and a 2‘8-volt dry battery for the crystals. 

The valve itself is of the ‘‘N” type; it takes 2*5 amperes 
through the lime-coated platinum filament and is provided 
with means for lowering the vacuum should it become too 
“hard."' A safety resistance of 2000 ohms is always used in 
the plate circuit. 

Marconi Field Station Receiver, Type No. 38 (a) — This 
is an example of a receiver which makes use of one valve 
as a detector, and then employs two other valves to pro- 
gressively amplify the rectified signals. Fig. 113 gives a 
general view of the instrument, and Fig. 114 a simplified 
diagram of its connections. 

The aerial circuit includes an adjustable inductance and 
condenser, and a coupling coil which acts as a jigger primary, 
the jigger secondary being the coil Lq, tuned to resonance by 
means of the adjustable condenser Cq, which is connected 
to the grid and' filament of the first valve which acts as a 
rectifier. j * 

The plate circuit of this valve includes the primary of 
an iron core transformer, the secondary winding of which 
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transfers the rectified signals to 



Fig. 113. — Marconi Field Station Receiver, 
Type No. 33 (a). General View. 


in its plate circuit allows 


the grid of tlie second valve. 
The transformer primary and 
the high-tension battery are 
short circuited for high-fre- 
quency currents by means of 
condensers, so that it is pos- 
sible to employ a reaction 
coil Lj^ to boost up the signal 
eurrent in the grid circuit, in 
order to am^ilify the rectifica- 
tion. 

The rectified pulses 
through the coil Lu have the 
character shown in Fig. 96 
(c), whereas those through 
the primary of the trans- 
former resemble the undula- 
tions of Fig. 96 (d). 

The second valve performs 
the function of a low-fre- 
quency amplifier, and a tele- 
phone transformer inserted 
Is to be obtained on a low- 



resistance telephone. This same transformer, however, lias a 
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tertiary winding by means of which these signals can be handed 
on in the form of potential variations to the grid and filament 
of the third valve, to receive there further amplification, and a 
switch is provided in order to transfer the telephone from the 
second valve to the secondary of a transformer included in the 
plate circuit of this third valve. 

The three valves have different functions, and therefore 
should work on relatively different parts of their characteristics. 

No. 1, the rectifier, requires an adjustment which should 
make it work on either the upper or lower bend. 

No. 2, which amplifies on the application of medium 
rectified potentials, requires to work on the straight part 
of the curve, and so that it does not reach either bend within 
the range of potentials employed ; while 

No. 3 amplifies on higher rectified potentials, and therefore 
requires to work on a still longer straight part of the curve. 

These adjustments are achieved without applying any 
battery potentials to the grids, which is an advantage in a 
Field Station instrument as the pro- 
vision of additional cells for this pur- 
pose is thus avoided. 

The method used is to run the fila- 
ments at different current strengths. 

They are connected in parallel to the 
same battery but through resistances 
of different values. 

As a result the filament of No. 1 
is dull red, and as shown in Fig. 

115 at zero potential on the grid 
the valve will be working on the top 



bend of its characteristic. 

No. 2 has a brighter filament, and 
therefore a steeper characteristic, and 


Fia. 115. — Marconi Field Station 
Receiver, Type No. 38 (a). 
The three Valve Working 
Characteristics. 


positive potentials added to the zero 


grid increase the plate current along the straight part of its curve. 


The filament of No. 3 which is still brighter, causes the 


valve to have |l steeper cliaracteriattic than No. 2, with the 
straight part of the curve extending over a wider range 


of positive potential. 
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“ Q ” type valves are used wliich noriiially require about 
4 volts across the filament, a 6 -volt 40 -ampere-hour accumulator 
is supplied, and an E.M.E, of about 150 volts — obtained from 
a dry-cell battery — is applied between plate and filament. 

Marconi Valve Amplifier, Type No. 65. — This instrument 
(Fig. 116) consists of a series of six high-frequency amplifier 



Fio. 116. — Marconi Valve AiiiplitiiT, Type No. 55. 
General View. 


circuits which pro- 
gressively build up 
signals, and then 
deliver them to 
a rectifier circuit. 
It therefore makes 
use of seven valves. 
The instrument 
is completely en- 
closed in an earthed 
metal case. 

Some form of 


wave selector cir- 


v.uit connected to the aerial must be used with it, which trans- 
fers the potential due to the aerial current, to the grid and 
filament of the first valve. 


A transformer is used to convey the amplified signals 
from the plate circuit of the first valve to the grid circuit 
of the next. It consists of two windings of very high resist- 
ance on an ebonite former, which, besides their magnetic 
coupling, are also coupled electrostatically by means of a 
small condenser. Similar connections are used between the 


second valve and the third, and so on to the grid circuit of 
the seventh valve. In the last plate circuit is inserted an 
iron core transformer suitable for conveying rectified and low- 
frequency impulses to the low-resistance telephone. 

The general scheme of connections is shown in Fig. 117. 

A connection from the aerial, or selector circuit, is made 
at the terminal marked A, and from there a flexible lead is 
clipped on to any one of the amplifying valve grids. 

The amplifying valves# are marked (al), (a2), etc., in the 
order of the amplification they give to the signals before 
they are rectified. 


THERMO-IONIC VALVE CIRCUITS 139 

Rectification takes place in the valve which is not so marked. 

The coil R, connected to the terminals C, D, is coupled 
inductively to the plate circuit of valve (al), and is provided 
so that a receiver which requires to make use of the reaction 
effect, can do so by connecting. its own reaction coil direct to 
R, with which it forms an aperiodic circuit. 

The rectifier grid circuit can be opened at the terminals EG 
if necessary, for the inclusion of a transformer, or other device. 

A 6 -volt accumulator battery, B, is required for the various 
filament currents, which are regulated by a common series 
resistance r, and a potentiometer P across the same battery 
allows a common D.C. potential to be applied to all the grids. 



Fig. 117.— Marconi Valve Amplifier, Type No. 55. Scheme of Connections. 


The plate currents are taken from a 60-voltdry battery, B^. 

The six amplifier valves are known as type V 24, and the 
rectifier valve as type Q. 

The combination of inductance, capacity, and resistance 
produces a very dead-beat, and almost aperiodic valve circuit — 
although the windings are so designed that the natural period 
of each circuit agrees with that of the mean wave-length on 
which the receiver is required to work. The reaction effects 
due to leakage, or resistance coupling, or weak inductive, or 
capacity coupling between the various circuits, which are hard 
to avoid ill a multiple valve riiceiver, are reduced to a 
minimum by the absence of iron in the transformers, and the 
strong damping §ffect of the resistance windings. 
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Fig. 1 J 8 gives an internal view of the instrnnicnt, show- 



ing the short, direct 
method of connection 
adopted. One of the 
inter - valve trans- 
formers is marked V, 
the telephone trans- 
former is marked T, 
and one of the coup- 
ling condensers is 
marked C. 


The Multiple Tuner adapted for Use with No. 65 Valve 


Amplifier. — For financial 
reasons it is often not 
advisable to scrap old type 
receiving apparatus which 
is still serviceable, particu- 
larly if there are means 
' whereby it can be brought 
up-to-date. 

The external connec- 



TUNE 


tions shown in Fig. 119 
will enable spark signals 


Fio. 119. — Multiple Tuner and Valve 
Amplifier, No. 55. External Connections. 


to be received on a No. 55 amplifier receiver, using a standard 



Fig. 120. — Multiple Tuner and Valve Amplifier, No. 55. Internal Connections. 


multiple tuner as wave selector, the change-over switch being 
in the upper contacts. 
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With the switch in the lower contacts, the circuits will be 
suitable for receiving C.W. 
signals. 

A simplified diagram of 
the complete arrangement 
is given in Fig. 120. For 
the sake of clearness only 
one amplifying valve, and 
one rectifying valve, and 
separate batteries are 
shown. 

It will be seen that in 
order to receive spark sig- 
nals the tuner detector cir- 
cuit is not used. To receive 
C.W. the coil in the detec- 
tor circuit is made part of a 
reaction circuit, being con- 
nected to a coil which coup- 
les with the plate circuit of 
the last amplifying valve, 
the tuner detector conden- 
ser being short-circuited. 

Multiple Tuner, Magnetic Detector, and Note Amplifier. 

— The general lay-out of this circuit is shown in Fig. 121, 
and a diagram of the internal connections in Fig. 122. 



DOUBLE NqTE IMAGNIFIER 
♦ jt 

Fig. 121. — Multiple Tuner, Magnetic Detector, 
and Note Ainplitier. External Connections. 



Fig. 122. — Multiple Tuner, !&*iagnetic Detector, and Note Amplifier, 
Internal Connections. 


The switching arrangements allow the rectified signals 
from the magnetic detector to be either : 




142 WIRELESS TELEGEAPHY AND TELEPHONY 


(1) Taken direct to the telephone — the switch S being 
open, and switch K on stop R ; or 

(2) To be applied to the grid-filament circuit of a valve 
through an iron core transformer, by closing switch S, and 
making on the second contact of switch K ; or 

(3) To be applied to the telephone after two amplifications, 
the switch K then being on the third contact; a note trans- 
former in the plate circuit of the first valve applying the 
amplified signal potential to the grid circuit of a second valve, 
in the plate circuit of which is connected a standard telephone 
transformer. 


Note Amplifier for Use with either Magnetic or Crystal 

Detector. — The 



rectifying action of 
the magnetic detec- 
tor is a current effect, 
whereas that of a 
crystal is a potential 
effect, the amplify- 
ing circuits in the 


two cases therefore 

Fio. 123. — Note Amplifier for Use with either Magnetic , 

or Crystal Detector. Internal Connection. re(JlUre tO 06 Ullier- 


ent for best results. 


But if the same amplifier is used for either circuit, the 
case can be met by supplying two primaries to the first grid 
transformer, as shown in Fig. 123, one suitable for use with 
the magnetic, the other for* use with the crystal. 

Marconi Short - Distance Wireless Telephone Trans- 
mitter and Receiver. — This instrument, which is illustrated 
in Fig. 124, comprises the circuits of a continuous-wave valve- 
oscillator with microphone, forming a wireless telephone trans- 
mitter set, arranged in the left-hand portion ; and a valve 
amplifier and crystal detector with the necessary circuits fitted 
in the right-hand portion. 

The aerial tuning inductance used with it is a separate unit. 

The transmitter circuits shown in the left - hand part of 
Fig. 125 are arranged as pi Fig. 107, and have therefore been 
already discussed. 

A T.N.” type valve is used, which is fitted with two lime- 
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coated platinum, or plain tungsten filaments, either of which 
can b% connected in circuit by a switch to the 4-volt battery 
of two 80 -ampere-hour accumulators, the working current 
being about 4 amperes. 

A high-tension battery of dry cells supplies from 10 to 15 
milliamperes at a pressure of about 500 volts to the plate 
circuit, through a protective resistance of about 3500 ohms. 

A 6-volt 40 -ampere-hour battery ^ith an adjustable series 
resistance in the grid circuit, is used to control the plate 
current. 

The greater filament-plate current output of transmitting 



valves results in a shorter filament life ; they are therefore 
constructed, some with two filaments, some with three, and 
with special sockets, so that a change over from one filament 
to another in the same valve can be conveniently arranged by 
a suitable plug board, or switch, mounted on the base of the 
transmitter. 

T.N/' valves may be termed ‘‘ soft,'' as their exhaustion is 
not carried to a very high degree. This allows the compara- 
tively high -plate current required to be obtained without 
using a very high-plate voltage. ^ 

Hard " valves, however, are also used, which work satis- 
factorily with 1200 volts between plate and filament, and carry 
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30 milliamperes plate current; the aerial current obtained 
under such conditions being 1*2 to 1*5 amperes. « 

The receiver circuits, which are shown diagrammatically in 
the right-hand part of Fig. 125, make use of a ''C** type 
valve as an amplifier, which requires a 6 -volt 40 -ampere- 
hour battery, and an adjustable series resistance to regulate 
the filament current; a 200-volt dry-cell battery for the 
plate circuit ; and an adjustable potential supply for the grid 



Fio. 125. — Marconi Short-Distance Wireless Telephone Transmitter and Receiver. 
Internal Scheme of Connections, 


control, which is obtained from a potentiometer P, connected 
across the filament battery. 

In the plate circuit is an inductance coil L, which is tuned 
to the received wave-length by means of the adjustable con- 
denser 0, and across it are connected the crystal and telephones. 
Another coil E, whicli is in the aerial circuit, is inductively 
coupled to L, and with it constitutes a receiving jigger, so that 
when the valve is not in use signals are conveyed in this way 
to the crystal. 

The valve is brought into playt by simply switching on the 
filament current. The aerial coupling coil E then becomes 
a reaction coil, and takes energy from the plate circuit to the 
aerial and grid circuit,^ and boosts up the amplification. 
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The external connections of the instrument are shown in 
Fig. 126. 

Marconi Short-Distance Wireless Telephone Set, Type 

T.T. 2. — As in the 
previous set, the 
transmitting and 
receiving circuits 
are both arranged 



in one instrument 
(Fig. 127), which 
is compact and 
makes use of small 
valves. Its internal 
fitting is shown in 
Fig. 128, and a wir- 
ingMiagram in Fig. 

129. The change- 
over switch, Z, com- 
pletely isolates the transmitting and receiving circuits, and there-* 


Fio 


, 126. — Marconi Short-Distance Wireless Telephone 
Transmitter and Receiver. External Scheme of Con- 
nections. 



Fiu. 127. — Marconi Short - Distance Wireless Fic. 128. — Marconi Short -Distance Wireless 
Telephone Set, Typo No. T.T. 2. (leneral Telephone Set, Type No. T.T. 2. Internal 

View. Fittings. 


fore no adjustments are necessary wlrni changing from speaking 
to receiving. This set is designed to work with a small aerial 
having a natural wave-length of approximately 250 metres. 

L 
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The transmitting-valve circuit is tuned to 250 metres 
wave-length exactly, and it is essential, in order to obtain the 
best results, to tune the aerial circuit to the same wave-length. 

Slight adjustment can be made in the aerial circuit by 
means of the Aerial Tuning Coil 

The high-tension supply for the S type transmitting 
valve can be obtained either from a battery or a machine, 750 
volts being required. In the event of a machine being used, 
it may be necessary to place a; condenser across its terminals, 



Fig. 129. — Marconi Short-Distance Wireless Telephone Set, Type No. T.T. 2. 
Scheme of Connections. 


having a capacity of about 1 mfd., in order to eliminate noises 
caused through ripples due to commutation, etc. 

The filament current is supplied by an 8-volt 50-ampere- 
hour battery. 

For tuning purposes the microphone terminals, M, should 
be shorted. On connecting the aerial and earth leads to 
the instrument and switching on the valve, a reading should 
be obtained on the aerial ammeter, I. This reading should be 
brought to a maximum by adjusting the Aerial Coupling Coil 
Reaction Coil E, and finully by adjusting the Aerial 
Tuning Coil until be^t tuning position is obtained. 

The microphone, M, can then be placed in circuit ready for 
speech transmission. 
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The 8 -volt battery is common for both transmitter and 
receiver valve filaments; the 150-volt high tension required 
for the “ Q ” type receiving valves is also supplied from the 
H.T. battery of the transmitting circuit, a tapping being made 
at 150 volts. 

In the receiver the wave range is approximately 200 to 
350 metres. The aerial circuit is tuned to the incoming 
waves by the sliding condenser C^r, the coil L^r being of fixed 



Fig. 130. — Marconi Wireless Telegraph and Telephone Set, Type T.T. 3. 
General View. 


inductance, and the strength of signals is regulated by adjusting 
the Receiver Reaction Coil L^r. 

The grids of the two valves, Qj and Q 2 , are connected in 
parallel to the aerial circuit between C^r and L^r, so that the 
potential variations of the aerial oscillations are thereby made 
to affect the valve plate currents which pass through the 
liighly inductive choke, Lr, from the 150-volt battery. 

This same plate battery charges the fixed condenser, Cp, in 
the fixed but tuned oscillatory circuit Cp Lp, which is com- 
pleted through the two valves in parallel, and variation of the 
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valve current to the battery starts an oscillation which results 
in a potential difference across Lp, and this potential difference 
is applied to a crystal, X. The crystal allows an intermittent 
rectified current to pass through the primary winding of a 
transformer, T^, in series with it, and if no note amplification 
is required, the telephones are connected to its secondary 
terminals. , 

Lp is also inductively coupled to the aerial coil L^p, and 



Fig. 131. — Marconi Wireless Telegraph and Telephone Set, Type T.T. 3. 
Scheme of Connections. 


the oscillations in it react back on the aerial and strengthen 
the potential applied to the two grids. 

The rectified signals are amplified by means of valve Qg, a 
special winding on the transformer Tj being connected to its 
grid and filament; and the primary of the telephone trans- 
former Tg to its plate and filament through the 150 battery. 

Marconi Wireless Telegraph and Telephone Set, Type 
T.T. 3. — The combined transmitter and receiver of this set is 
shown in Pig. 130, and q simplified diagram of its connections 
in Fig. 131. 

If the microphone is inserted directly in the aerial, the 
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arrangement has the disadvantage that the aerial current is 
limited to the maximum which the microphone can carry 
without the carbon granules packing. In the present instru- 
ment this limitation is removed. 

Two valves are used, one of them — X — being employed to 
generate continuous oscillations in the aerial ; the other — Y — 
known as the “contror' valve, to amplify the microphone speech 
currents, which are then impressed on the grid circuit of the 
oscillating valve by means of a suitable transformer, so that 
the aerial finally receives them after two amplifications. 

When the transmitting set is used for telegraphy, the 
microphone is short-circuited by a plug, and the operator 
works the key K. 

This closes and opens the battery circuit of a buzzer, the 
contacts of which carry the main aerial current, so that when 
the buzzer vibrates the C.W. oscillations are broken up into 
groups by the interruption of the aerial circuit, and the signals 
are therefore given a note frequency of the same pitch as the 
note of the buzzer. 

The receiver comprises (1) a valve Qi, which acts as a high- 
frequency amplifier; (2) a valve Q.j, which acts as a rectifier, 
having a tunable grid circuit to which is coupled an aerial re- 
action coil for the production of beat signals ; (3) a valve Qg, 
which acts as a note amplifier, the receiving telephone being 
connected through an iron core transformer to its plate circuit. 
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THE SPECIAL APPARATUS USED FOR HIGH-SPEED TRANSMISSION 
AND RECEPTION 

Transmitting Apparatus. — The Air Compressor and Reservoir. — The Creed 
Relay and Air Engine. — The High-Tension Signalling Switch, — The 
, Wheatstone Transmitter. — The Wheatstone Perforator. — Dictaphone 
Reception. — Dictaphone Cylinder Shaving Machine. — The Einthoven 
Galvanometer Recording Set. — The Marconi- Einthoven Photographic 
Outfit. 

The problem of high-speed radio working resolves itself into 

the provision of suit- 
able mechanical 
means for transmit- 
ting signals at a 
faster rate than is 
possible by hand key 
manipulation, and 
which must also be 
capable of dealing 
with the compara- 
tively large operating 
currents and high 
voltages used in a 
spark transmitting 
set. 

Transmitting 
Apparatus. — As in 

line telegraphy, the 

Fig. 132. — Connection Diagram of Wheatstone operator punches the 
Transmitter to Creed Air kngine Relay. ^ 

message on a tape 

which is fed into a Wheatstone transmitter. The current 
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which passes through the Wheatstone is made to work a 
relay (see Fig. 132), which closes the circuit of another 
relay controlling the supply of compressed air to a Creed 
air engine, by means of a small ‘‘ D ’’ slide-valve attached to 
its armature. 

' This valve controls a relay engine, which works the valve 
of the main engine through a system of rocking levers, and 
finally the main 
engine, by means 
of a second sys- 
tem of levers, 
works the arms 
of the high-ten- 
sion transmitting 
switch controlling 
the spark dis- 
charge (see Fig. 

133). 

The Air Com- 
pressor and Re- 
servoir. — For 

ordinary working 
speeds of 100 
words per minute, 
an air compressor 
capable of taking 
in 1 0 c. ft. of free 
air per minute and delivering it at a pressure of 50 lbs. per 
sq. inch is required. 

Preferably the machine should be air-cooled, as water- 
cooling necessitates extra fitting and attention. 

It is usual to fit an autonaatic air governor between the 
air inlet filter and the inlet port, the governor being coniiected 
by a copper tube to the reservoir. 

When the air pressure in the reservoir, which is indicated by a 
suitable gauge, reaches the dtesired value, it overcomes the resist- 
ance of a spring controlling a valve^in the air governor. This 
allows the valve to lift from its seating so that air is admitted 
on to a plunger which closes the air inlet to the cylinder. 



Fia. 133. — General Arrangement of Plant for working 
High-Tension Signalling Switch at High Speed. 
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The dilfcreiice in power to the compressor when the air 
inlet is closed and when open is about 900 watts. 

As air under pressure causes condensation of water, it 
should enter and leave the reservoir from the top, and a 
cock should be fitted for draining the water off from the 
bottom. 

The outlet pipe, however, should project well down inside 
tlie reservoir in order to draw off’ the coolest air, which is 


then led through a filter, F (Fig. 134), to the engine. 

The Creed Relay and Air 
Engine. — The Creed relay, K (Fig. 
134), is of standard pattern and its 
working current is about 20 milli- 
amperes. 

A spacing mark on the perforated 
tape causes the relay tongue to move 
in the reverse direction to that ob- 
tained when a dot or dash is made.’ 

Fig. 132 illustrates diagramma- 
tically the action of the air engine. 

The light, balanced slide-valve B, 
which is moved by the relay tongue 
A, controls the supply of air to the 
cylinder, C, through the two ports, 
so that the piston, D, moves forwards 
and backwards in accordance with 
the signal currents passing through 
the Wheatstone. 

The movements of piston D are 
communicated by rocking levers, E, to the piston valve of the 
main engine, F, which controls the double acting piston, G. 
From each side of this piston a rod projects through the 
cylinder cover and thrusts in either direction the arms of 
the three-armed bell-crank levers, H and I. 

The rods, J and K, drive the high-tension switch. 

The air engine should be kept well oiled and well cleaned 
between the periods of working, as a certain amount of water 
accumulates on the various parts, due to condensation. 



Fig. 134. — View of High-Tension 
Signalling Switch and Air 
Engine. 


The High-Tension Signalling Switch. — The 


and 
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switch are mounted together on a cast - iron bedplate, B 
(Fig. 134). 

The high-tension fixed contacts are carried on an ebonite 
platform supported by four hollow, corrugated ebonite pillars, 
up which an air blast is conveyed from a centrifugal blower of 
the type shown in Fig. 

135, for the purpose of 
quenching the arc which 
occurs on breaking the 
high-tension current. 

The moving contacts 
are fixed at the extremities 
of two strong steel springs, 
supported by solid, corru- — Four-Way Motor Blower, 

gated ebonite pillars fitted 

for working in ball bearings, and which are driven from the air 
engine in tandem. 

The best working gap for high speeds is about and 
each of the four fixed contacts must be most accurately spaced, 
so that the gaps all open at the same moment. 

The Wheatstone Transmitter. — This instrument is shown 

with its driving 
motor in Fig. 136. 

The simplest 
form has two fixed 
contacts and one 
moving contact arm 
as in Fig. 137 (a), 
while the ordinary 
type (as used for 
landline working) 
has two pairs of fixed 
contacts and a 
divided contact arm (Fig. 137 (&)). The moving arm is 
motor driven, its motion being controlled by a moving per- 
forated slip. A short piece, of slip is shown in Fig. 138, 
punched with the word “ Marconi.” It will be seen that 
there are three distinct lines of holes running along it. One 
line of large holes causes a motion of the top of the contact 

i 



Fig. 136. — View of WlieaCstone Transmitter with 
Driving Motor. 
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Contacts. 


arm to the left, and the other row of large holes a motion 
to the right. The small holes in the centre engage in the 
teeth of a small wheel which, on rotating, produces the 

required motion of the slip. 

The method of action 
of the transmitter is shown 
in principle in Fig. 139. A 
rocking piece, A, is moved 
by means of a crank mechan- 
ism, B, which is driven 
through gearing by a small 
motor. The rocking piece 
carries two pins, and P 2 , 
eatCh of which works a bell crank lever, and L^, as shown. 
Springs and hold the lever in contact with the pins. 
Each lever has attached to it a rod K^, or K^, working in a 
guide Gj, or G^, and is 
fitted with an adjustable 
hut Nj, or Ng, for moving 
the contact arm C. It 
will be seen that when 
Pj rises, and move 
so that the top of the 
contact arm moves to the left. Similarly, when P^ rises, the 
top of the contact arm moves to the right. Two further rods, 
and D^, are attached to the bell crank levers, and move 

vertically as shown. The 



Fig. 138. — Wheatstone Transmitter ; 
Sample of Punched Slip. 



upper ends of these rods 
come up through small 
holes to the under side 
of the slip, each rod 
opposite one line of the 
larger holes. Then if 
a rod comes up at a 
moment when the move- 
. ' ment of the tape brings 
a hole in line with it, the rod is free to carry out its full 
motion and the corresponding motion of the contact arm 
takes place. If, however, the rod meets the paper, its 


Fio. 139. — Wheatstone Transmitter ; 
Method of working. 
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upward motion is arrested and so the contact arm is not 
moved. 

The jockey wheel, J, held against the top of the contact arm 
by the pressure of the spring, E, gives a bias to the motion 



Fig. 140. — Wheatstone Transmitter ; Connection Diagrams. 


and also serves to ensure a firm pressure between the arm and 
the fixed contacts. 

The connections required will vary according to whether 
the transmitting gear is being operated by a simple make and 
break action, or by reversed currents. Fig. 140 shows the 
connections diagrammatically. 

Suitable resistances must be inserted where required, so that 
the sparking at the contacts 
is not excessive. The 
maximum current through 
the contacts should not' be 
more than about 100 milli- 
amperes. Any adjustments 
required can be made on the 
nuts, and and also 
on the fixed contact screws, 
suitable tools being supplied by the makers for this purpose. 

The connections for the motor are as shown in Fig. 141. 
Wheatstone Perforator. — This appliance (Fig. 142) is used 
for perforating the slip for use in the Wheatstone transmitter. 
The principle of its action is illustrated in Fig. 143. Two flat 
steel plates, A^and B, are separated by packing pieces at the 



-wm 


Fig. 141.— Wheatstone Transmitter ; 
Motor Control Diagram. 
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top and bottom edges, thus forming a very narrow vertical 
chamber through which passes the slip to be punched. Holes 
a, h, c, d, and e are provided right through both plates, as 
shown in the figure, and in each hole works a punch. The 



Pig. 142. — View of Wheatstone Perforator. 


punches are actuated by three bell crank levers, C, pivoted at 
D, a plate, E, being provided on each lever, the three forming the 
keyboard seen in Fig. 142. The punches are normally held 
out of the holes by means of spiral springs. On pressing the 
l^ft-hand plate dot punches operate in holes a, &, and d ; 
the middle plate (“ space works punch d alone, and the right 
hand plate dash operates a, c, dy and e. On releasing each 
plate, a ratchet gear moves the slip forward by the required 
amount — one space for a dot, and two spaces for a dash. 



When inserting slip 
for perforating, this 
feeding gear must 
be released by pull- 
ing forward the 
small lever at the 


Fig, 143. — Wheatstone Perforator; 
its Principle of working. 


left-hand side of the 
mechanism case. 


Two w’ooden punching handles fitted with rubber cushions 
are used to manipulate the perforator, which requires a good 
firm punch to obtain certain action. 

Two slips may be perforated at once on one of these hand- 
manipulated machines, though pneumatically operated machines 
are made which will punchy up to eight slips simultaneously. 
Other types of perforators are made with keyboards similar 
to an ordinary typewriter. 
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Dictaphone Reception. — The recording of incoming signals 
on dictaphone cylinders has four uses. In the first place it -will 
allow of one person — not necessarily a skilled operator — 



Fio. 144. — Connection Diagram for Dictaphone Reception. 


recording signals which can be read off at any convenient 
time by an operator. Secondly, it will allow of one operator 
working several receiving sets at rush periods, the cylinders 
being run off and trans- — 

cribed when convenient. 

Thirdly — and this is its 
most important use — it 
allows of the reception 
of high-speed signals. 

Fourthly, it allows' of a 
permanent record being 
made of important mes- 



Fig. 144 shows a valve 
eiver — which should 


Fig. 145. — View of Dictaplione. 


include one or more amplifier circuits — connected at its tele- 
phone terminals to a dictaphone recorder set, and Fig. 145 a 
dictaphone instrument. ^ 

The method used for receiving liigh-speed signals is to 
run the recording dictaphone cylinder at a high speed, the 




158 WIEELESS TELEGEAPHY AND TELEPHONY 


transcribing from the cylinder being subsequently done at 
a much lower speed. This has the effect of reducing the 
speed of the signals in direct proportion to the reduction 
in speed of the dictaphone cylinder in the two operations. 
For example, suppose signals are coming in at 100 words per 
minute and the recording dictaphone is run at 400 r.p.m. 
If, again, the transcribing dictaphone is run at 100 r.p.m., 
then the effective signal speed for the transcribing operator 

will be 100xi^^ = 25 words per minute. It should be 
400 


zoT^ 


j 


Fig. 146. — Two Dictaphones with 
Telephones connected in Series. 


noted, however, that this will reduce the note very considerably, 
and so for reception at high speeds a fairly high note is necessary 
for the incoming signals. It is hardly necessary to mention 

that the signal current passed 
into the dictaphone must be as 
strong as possible. The record- 
ing and transcribing dictaphones 
can be either the same or separ- 
ate instruments, depending on 
the service conditions, also on 
the type of dictaphone — some 
dictaphones being arranged to fulfil both purposes and others 
only one. The dictaphones are driven by an external belt- 
connected motor, the speed of which is controlled in exactly 
the same way as the motor for the Wheatstone transmitter 
(see Fig. 141). 

To avoid having to change cylinders in the middle of a 
message it is usual to have two recording dictaphones with 
their telephones in series as shown in Fig. 146. Suppose 
a message commenced on dictaphone A has to be continued 
on B, then B must fee started moving jmt before dictaphone 
A finishes, so as to get some overlap and so ensure correct 
transcription. 

Coming to the details of the machines, the transcribing 
dictaphone is simply a phonograph*^ fitted with a special pneu- 
matic telephone arrangement in place of the usual horn. 
Instead of the usual replaceable steel needles the dictaphone is 
fitted with a permanent jewel. The recording dictaphone only 
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differs from the transcribing machine in having a fairly sharp 
needle ” pressing very lightly on the wax cylinder, instead 
of the more rounded needle held on by a spring pressure 
which is provided for the transcriber. The recorder mouth- 
piece is adapted to take a special telephone earpiece connected 
to the receiving set. Some dictaphones have a combination 
arrangement whereby either a recording mouthpiece (marked 
Speak Here ”) or a transcribing earpiece (marked Listen 
Here ”) can be brought into use. 

The following points should be noted when using the 
dictaphone : 

(1) To place a cylinder in position raise the needle carrier 
so that the needle will clear* the cylinder, slip back the end 
catch ((cy Fig. 145) on the drum, and push the cylinder 
in position. That end of the cylinder which has the larger 
diameter central hole must of course go on first. Finally, 
slip end catch into position again, run carrier along to the 
left-hand end of the cylinder, and drop it down into position. 
Care must be taken not to handle the surface of the wa:^ 
cylinder. 

(2) To remove the cylinder, lift the needle carrier, slip back 
the catch, and pull over the handle, H (Fig. 145), sharply to the 
right, taking care that the cylinder does not shoot right off the 
drum and break. 

Dictaphone Cylinder Shaving Machine. — This machine 
consists of a motor-driven drum for rotating the cylinders, and 
a razor blade having a longitudinal motion and an adjustable 
feed. The motor resistance is set at a value giving a suitable 
cylinder speed at the given supply voltage, and should not 
be altered except when the voltage is changed. The chief 
point to be kept in mind when cleaning cylinders is to take 
a number of fine cuts rather than one heavy cut; this will 
ensure a much smoother surface. 

The Einthoven Galvanometer Recording Set. — The 
Einthoven String Galvanometer is described on page l7l. Its 
essential parts are (1) a siftgle straight stretched conducting 
fibre, and (2) a powerful electron^gnet, which deflects the 
fibre, or string, when it is carrying current. 

The string may be of low or high^ resistance, and the 
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sensitivity of the instrument varies accordingly, but it can be 
made to detect currents as low as 10"^^ ampere, and to work 
on frequencies up to 200 cycles. 

In order to record Wireless Signals, the string is connected 
in series in the rectifier circuit. The highest sensitivity is not 
required, but it must respond in a dead-beat manner to the 
frequency of the dots and dashes of high-speed working. 

The string is arranged to act as a shutter in a camera, 
either opening or closing by its movement a small hole which 
allows a beam of light to fall on a travelling strip of sensitised 
paper, or else to vary its position in front of a narrow trans- 
verse slit, which allows the complete movement of one part of 
the string to be recorded. 

Fig. 147 shows in diagram the galvanometer optical system 



Fig. 147. — Einthoveii Galvanometer Recording Set ; the Optical System. 


supplied by the Cambridge Scientific Instrument Company, a 
short description of which is as follows : 

The string is powerfully illuminated from the positive 
crater of an arc, the light being concentrated by condensing 
lenses at B and D, while a water bath is interposed at C, to 
absorb the heat rays and so to protect the lenses at 1), and to 
prevent the string from being heated. 

The field of the objective E passes through the eyepiece F, and 
is projected on to a cylindrical lens G, which focusses part of it 
into an intensely bright band of light in the plane of the 
sensitised plate or paper. 

The string appears in front of the lens as a long vertical 
shadow about a millimetre wide, the part overlapping the 
cylindrical lens becoming a dark spot in the line of light 
which falls on the plate. ^ 

Then, if the plate or^ paper is given a motion at right 
angles to the cylindrical lens, the whole length will be in turn 
exposed, except that portion which is hidden by the shadow of 
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the string; and as the movements of the string are parallel to 
the length of the cylindrical lens, and each instantaneous 
position is indicated by an unexposed spot, a continuous 
series of such spots, forming a line record, is produced on the 
moving plate or paper. 

Fig. 148 shows an Einthoven galvanometer with optical 
system, fitted to a Marconi photographic cabinet, the doors of 
which have been removed. 

By means of a system of large pulleys which are belt-driven 



from the motor M, the sensitised paper, or linen tape, is run 
off the drum H, in front of the slit where it is exposed to the 
arc light, thence round a system of small pulleys which carry 
it through a number of developing and washing baths, and 
finally over a drying band X, and out of the cabinet. 

The baths are carried on a tray which can be lowered by 
turning a handle, which irf partly shown at Z, when it is 
necessary either to fit a new tape or for any other reason to 
withdraw the pulley mechanism from the baths. 


M 


CHAPTER VII 


THE MEASUBEMENT OF ELECTRIC CURRENT, AND OF 
ELECTROMOTIVE FORCE 


The Unit of Current — The Kelvin Balance. — Galvanometers. — Factor of 
Merit.” — The UArsonval Type . — “ Dead-heat ” and “ Ballistic ” Move- 
ments. — The Thomson Astatic Galvanometer. — The Thermo - Electric 
Effect. — The Duddell Thermo-Galvanometer. — TheDuddell Oscillograph. 
— The Drysdale- Tinsley Vibration Galvanometer. — The Einthoven 
String Galvanometer. — The Measurement of Electromotive Force. — The 
Definition of the Volt — The Clark Celt — The Weston Cadmium Cell 
— The Potentiometer. — Its Adjustment. — The Measurement of P.D. 
across a Resistance. — The Calibration of an Ammeter ; of a Galvano- 
meter ; of a Low-Tension Voltmeter. — Commercial Potentiometers. — The 
Quadrant Electrometer. — The Original Thomson Instrument — The 
Dolezalek Electrometer. — The Measurement of High Potentials. — 
Current and Potential Indicating Instruments. — Ammeters. — Voltmeters. 
— Similarity of Design. — The Division of Electromagnetic Instruments 
into Three Groups. — The Moving Coil Principle. — The Average 
Current Indication. — The Dynamometer Principle. — The R.M.S. 
Current Indication . — Soft Iron Ammeters . — The Everett- Edgecombe 
Model. — The Weston Model. — Thermo- Ammeters . — The Hartmann 
and Braun Hot-Wire Type. — Methods of increasing the Current- 
carrying Capacity of the Expanding Wire. — A Hartmann and Braun 
so-called Shuntless” Ammeter. — The Duddell Thermo - Ammeter . — 
Parallel Wire Ammeters with Thermo-Junctions — The Marconi-Ewen 
Ammeter for Small Currents. — The Marconi-Ewen Ammeter for 
Heavy Currents. — Air-Core Current Transformers. — The Electrostatic 
Voltmeter. — For Medium Voltages. — The Kelvin Volt Balance. 

The Measurement of Electric Current. — The practical unit 
of current is the “ampere,” and is defined as that current 
which when passed through a neutral solution of nitrate of 
silver containing 15 parts by weight of the salt to 85 of 
water, using a silver anode and platinum cathode, deposits 
silver at the rate of 9*001118 of a gramme per second. 

162 



CUREENT AND E.M.F. MEASUREMENT 163 


The best form of instrument to act as a Test Room 
Standard Amperemeter is one which acts, however, on electro- 
dynamic and not chemical principles, such as the Kelvin 
Balance, by means of which the pull resulting from the 
attraction between like currents, and the push resulting from 
the repulsion of unlike currents, is actually weighed. 

Thus in Fig. 149 there are two movable coils marked M, 
which swing on a suspension at P, between four fixed coils 
marked F, with which they are connected in series. They are 
all wound in such a manner that the resultant attraction 
between coils in which the current moves in the same direction, 
assists the repulsion between cpils in which the current moves 
in opposed directions, so that one M coil is pulled up and the 
other M coil down. Suppose now the movable arm ^ is 
adjusted to a mid-position of equilibrium between the F coils. 



Fig. 149. — The Kelvin Ampere Balance : Principle of Action. 


then let a weight be added to a scale pan at W, so that the 
lever swings down on that side. If now a current is passed 
through the coils so that the lever lifts again into the mid- 
position of equilibrium, the weight used will be a dynamic 
measure of the current flowing. In practice, of course, the 
current is of a given value, and the weight — or rather the 
mechanical couple produced by it on the lever — must be varied 
to measure it. 

Thus in Fig. 150, when there is no current flowing, a 
standard weight, W, fixed on a carrier at the zero position 
on the scale at one end of the lever, is balanced by a counter- 
poise in the V-shaped pan V, at the other end of the lever, 
so that the moving coils float in the mid-position of 
equilibrium as shown by the index, X. 

When a current flows, the counterpoise end of the lever 
moves up, and the standard weight must then be moved from 
its zero position along the slide on the scale until the index 
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again returns to its mid-position. The current strength is 
then proportional to the square root of the distance moved by 
the weight to restore equilibrium. 

For true accuracy, an instrument of this character, which 
depends on the weight of a given mass, requires to be corrected 
for the acceleration of gravity, which varies with latitude and 
height above sea-level. 

The general checking and calibration of commercial 
ammeters and the accurate measurement of current for many 
other purposes is, however, best done on the potentiometer, 
when, by using a standard of electro-motive force, the fall 



Fig. 150. — View of Kelvin Ampere Balance. 


of potential down a known standard resistance in series with 
the ammeter is measured, and the current through the 
ammeter is then calculated. 

Galvanometers. — Instruments which measure the magni- 
tude or sense of electric currents may all be included under 
the general heading of galvanometers, but the term is more 
especially reserved for instruments of high sensitivity suitable 
for measuring the magnitude of minute currents. 

The essence of their construction is, (1) a moving coil and 
a fixed magnet, as in the D’Arsonval type, or alternatively, 
(2) a moving magnet or magnets, and a fixed coil or coils, 
as in the Thomson astatic type. 

Sensitivity depends to a large extent on (a) the intensity 
of the field due to the magnet system, and (b) the number 
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of turns in the coil ; but in order to obtain a fair comparison 
between the sensitivities of different galvanometers for a 
given current, the periodic time of the moving system — and 
therefore its inertia — should also be taken into account. 
This can be expressed by the ‘‘Factor of Merit'' of the 
instrument, thus 

l^OxD 

“T^xE^' 

where E = Factor of Merit, 

D = Deflection in millimetres per micro-amp. at a scale 
distance of 1 metre, 

T = Periodic Time (undamped) in seconds, 

E = Galvanometer Eesistance in ohms. 


The D'Arsonval Galvanometer (Fig. 151 (a)), which is in 
very general use, more especially for nul or balanced current 


methods of testing — the Wheat- 
stone bridge circuit being a typical 
case — consists of a light moving 
coil surrounding a fixed iron core, 
and suspended between the poles 
of a strong permanent magnet. The 
coil carries a small mirror, and its 
movement is controlled by aspring. 

A beam of light is concen- 
trated on the mirror and is reflected 
on to a scale divided in millimetres, 
which is usually set at one metre 
distance from the mirror. The 
current to be measured is passed 




through the coil and the deflection 
of the spot of light on the scale 
is noted. 


Fig. 151. — {a) The D’Arsouval Gal- 
vanometer. (6) and ,(c) The 
Shape of its Magnet Poles. 


A zero pattern D’Arsonval will have its poles shaped as 
shown in Fig. 151 (b), in order to apply a concentrated field 


on the coil at its position c/f rest ; a D’Arsonval for measuring 


current by proportional deflection yyill have poles shaped like 
Fig. 151 (c), so as to provide a radial field of very nearly equal 
intensity througjibut the working arc of movement of the coil. 
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“Dead-beat” and “Ballistic” Galvanometers. — When 
measuring steady currents it is the final deflection which is 
required, and a galvanometer is therefore employed which 
takes up its final deflectional position very quickly, that is, 
after one or two swings. To act in this way, it must have 
a high damping factor. 

Air and oil damping are often used for this purpose, and 
the moving coil is generally encased in a cylinder of non- 
magnetic metal. When the coil is deflected, the cylinder 
traverses the magnetic field, and currents are induced in it 
which exert an opposing torque tending to bring the coil to 
rest. 

Fig. 152 (6) shows the character of the scale reading 




Fio. 152, — The Djimping of Galvanometer Movements. 


obtained under such conditions ; I, being the value of current 
as finally indicated by steady deflection. 

There are some tests which require that the swing of the 
galvanometer shall not pass the point of deflection for the 
given current, as indicated in Fig. 152 (a). The movement' 
is then said to be “ critically damped,” or “ dead beat.” Some- 
times these terms are used to describe a movement which 
gives just one oscillation beyond its final deflection, and if it 
does not pass beyond it the movement is said to be 
‘‘ aperiodic.” 

Again there are other tests, as in the case of measuring 
the discharge of a condenser, whan it is the amplitude of 
the. first throw which is qf importance, and in that case the 
coil must be allowed to swing as freely as possible with 
minimum damping, as is indicated in Fig. 152 (<?). A 
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galvanometer with this sort of movement is said to be 
ballistic.” 

The Thomson Astatic Galvanometer. — An "Astatic” 
system is an arrangement of coils, or magnets, such that the 
effect of an external magnetic field — whether due to the 
earth or other coils or magnets — on one part of the system, 
is equal to, and balanced by, its effect on 
another part of the system, so that the re- 
sultant effect is zero. 

The astatic system of a Thomson galvano- 
meter is illustrated in Fig. 153. 

A suspension of quartz fibre, AB, carries 
eight small magnets, or needles, four of which 
are cemented on at C, and four others at D, 
the two systems being in the same plane 
but with their opposite poles immediately 
under each other. 

Each system is at the exact centre of a 
coil which carries the current to be measured. 

A mirror, M, is arranged either at the 
middle, or at the bottom of the suspension. 

Two overhanging bar magnets, whose 
orientation and distance from the needle 
systems can be altered, provide a local con- 
trolling field which is able to bring the sus- 
pension system to zero, and to alter the 
sensibility of the galvanometer. 

The Thermo-Electric Effect. — When 



two different metals are brought into con- 


Fig. 163. — The Thom- 
son Astatic Galvano- 
meter. 


tact, an KM.F. — which may be very minute — is generated at 
the contact surfaces. 

If the metals are in the form of wires and their common 
junction is heated, the free ends being kept cool and connected 
to a galvanometer, a flow of current can generally be detected ; 
and the KM.F. which gives rise to the current bears a certain 
definite relation to the heat> applied. 

A two -wire unit employed in this manner is called a 
thermo-couple, or thermo -juTiction, 

If lead is used as the standard metal for comparison, and 
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wires of other metals are connected to form junctions, the 
thermo-electric power developed with increase of temperature 

is shown in Fig. 154. 

The Duddell 
Thermo - Oalvano •* 
meter. — The above 
principle is applied in 
this galvanometer 
(Fig. 155), in the 
following manner. 

A single loop of 
fine silver wire A, 
which terminates in 
a bismuth - antimony 
thermo - junction, is 
suspended by means 
of a glass stem G, carrying a mirror M, from a fine quartz 
fibre Q, between the poles of a permanent magnet NS. 

The current to be measured is passed through the fine wire 
heater H, which is mounted close under- 
neath the thermo-junction. 

A current is generated in the silver 
loop proportional to the heat received 
at the junction, and therefore propor- 
tional to the square of the current pass- 
ing through the heater. 

The loop current reacts with the 
permanent magnetic field, with the re- 
sult that the loop is deflected and the 
light beam from the mirror gives a scale 
reading. 

The special advantage of this galvano- 
meter is that it can be employed to 
measure very small direct, or alter- 
nating, or high-frequency currents with 
almost equal accuracy. 

The Duddell Oscillograph Galvanometer. — This is 
another moving coil galvanometer in which the coil consists of 
a loop of one turn. The instrument is designed to follow 




' Fig. 154. — The Thermo-Electric Power of 
Various Metals, 
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accurately the rapid changes which take place at every instant 
in an alternating current. 

The current causes the loop to twist first one way, and then 
the other way as its direction is reversed, with the result that 
a circular light beam reflected from the galvanometer mirror 
will not produce a spot on the scale, but a bright line, having 
a maximum length proportional to the amplitude 
of the current flowing. ^ 

If the scale is now replaced by a mirror 
which revolves at a fixed speed in a direction at 
right angles to the movement of the reflected 
beam, the instantaneous deflections of the loop 
with reference to its point of rest will be shown 
in the mirror as a bright curve fluctuating about 
a zero line. A current wave-form of this nature 
can be recorded by replacing the mirror by a 
sensitised plate, which is dropped through the 
light beam in a direction at right angles to the 
beam^s motion. 

It is obvious (1) that the natural period of 
vibration of the moving part must be very much 
shorter than any electrical vibration to which fjq, 150, _ 
it may be required to respond ; and (2) it Duddeii Oscuio- 

n j j irA / \ Galvano- 

must be critically damped — see lig. 152 (a), meter. 

— in order to give a clear-cut deflection at 

every instant proportional to the instantaneous value of the 

current flowing. 

These conditions are obtained (a) by using a fine strip of 
phosphor bronze, SS (Fig. 156), bent back on itself round a 
pulley P, with its two ends in clamping terminals T Tj, the 
two legs of the loop so formed, being held in even tension by 
a spring adjustment supporting the pulley, and the vibratory 
portion being limited by bridges B to the part immediately 
in the magnetic field ; 

(6) by immersing the whole of the ‘‘ vibrator — as the 
above complete fitting is called — in an oil bath. 

The mirror, M, is fixed to both legs of the loop at the 
centre of the vibratory part. 

The natural ppiod of the loop is a second, and 
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owing to the high damping, it gives accurate deflection without 
distortion for current periodicities up to 300 per second. 

Vibration Qalvanometers. — The instrument just described 
can be greatly increased in sensitivity (1) by working the loop 
in air instead of in oil, and in other ways reducing the damp- 
ing on its vibration to a minimum ; also (2) by employing it 
on an alternating current supply which has the same frequency 
as the natural rate di vibration of the loop, so that the 
resonance principle is employed to increase its amplitude. 

It then becomes a Duddell “ Vibration Galvanometer,’’ an 
instrument which is extremely sensitive to small A.C. currents, 
so that it can be used in A.C. potentiometer, or in capacity 
bridge, or inductance bridge circuits, where nul methods of 

testing are employed. 
When the circuits are out 
of balance, an alternating 
current flows through the 
galvanometer, and the light 
beam reflected from the 
mirror shows as a band on 
the scale. This band re- 
duces to a stationary spot 
when the circuits are in 
balance. 

The vibrator may consist of a moving magnet, as in the 
Drysdale-Tinsley instrument (Fig. 157). A small soft iron 
needle, which carries the mirror, is suspended between the poles 
of a permanent magnet NS, and is influenced by the field of 
the current to be measured which passes through the coil W. 

The natural period of vibration of the magnetised needle is 
determined by the strength of the constraining field, and this 
can be adjusted to agree with that of the alternating current 
by altering the position of the keeper K, on the limbs of the 
permanent magnet. 

The Einthoven String Galvanometer. — ^This instrument 
is designed to have the maximum^ sensitivity to weak currents 
which it is possible to obtg.in in practice. 

The two factors, T and R, in the expression for E, the 
“ Factor of Merit” of a galvanometer (see p. 165), involve the 
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inertia and size of the moving coil, and Einthoven has 
demonstrated that 

E oc — , 
dx \/t 

where t = number of turns, and d = diameter of wire, so that the 
greatest sensitivity will be obtained when the coil has the 
least number of turns and the wire’ used has the smallest 
diameter. 

Einthoven employs only part of a turn, a single stretched 
conductor, the diameter of which has been reduced to a 
minimum by using a very fine glass fibre of about 0*002 mm. 
diameter, coated 
with silver. 

The fibre is 
mounted in a narrow 
air-gap between the 
poles of a strong 
electro -magnet, the 
magnetic circuit 
being highly satu- 
rated so that small 

changes in the cur Einthoven string Galvanometer, 

rent through the 

exciting coils make a negligible difference to the flux. 

In Fig. 158 the silver-coated fibre, F, is soldered at one end 
to a fixed plate PI, and at the other to a plate with a spring 
tension adjustment working in a guide, at P2. 

The movement of the fibre is indicated by the arrow ; that 
is, it is transverse to the direction of the magnetic field, and 
also to the direction of the current. 

Observation of this movement is provided by a microscope 
M, which is fitted in a sighting-hole bored through one of the 
poles, the hole being extended through the other pole for pro- 
jection purposes. To obtain a photographic record, suitable 
lenses are fitted at M and D^, the fibre is illuminated by means 
of an arc lamp, and a small portion of its shadow is projected 
on a sensitised plate, or paper ribbon, fixed at some position E, 
the wavy line on the tape representing the sort of record which 
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would be obtained after photographic development, if a varying 
current were passed through the galvanometer. 

The normal tension adjustment on the finest fibre employed 
gives it a period of about - 2 ^^th second. Its weight is 
approximately 10"® grams, resistance 10,000 ohms, and the 
smallest current it will measure of the order of 1 0"^^ amperes. 
Heavier fibres with resistance as low as 5 ohms — which of 
course are far less sensitive — are often used for larger 
currents. 

An Einthoven galvanometer is occasionally used in radio- 
telegraphy for recording signals (see p. 159), in which case 
it would be connected in series, in the rectifier circuit. 

The Measurement of Electromotive Force. — The stand- 
ard practical unit, the ‘‘ volt,'' is defined as that value of un- 
varying KM.E. which creates in a circuit having a resistance 
equal to one ohm, an unvarying current of one ampere. But 
for many purposes it is more convenient to have a standard 
E.M.F. available which does not necessitate the measurement 
*of a current through a standard resistance, which is obtained 
instead as a constant potential difference between two terminals. 
This has led to the development of various forms of a standard 
voltaic cell, the earliest of which, the Clark cell, made use of 
the elements mercury, zinc sulphate paste, and zinc, with 
platinum wires from the mercury and zinc to the terminals, 
giving 1*434 volts at 15°C., while the one now in most general 
use, the Weston cadmium cell, which has a temperature 
coefficient so small that it is negligible for nearly all tests, 
makes use of mercury, mercurous sulphate, cadmium sulphate, 
and cadmium, connection to the electrodes being made as 
before by platinum wires. A section through the cell is shown 
in Fig. 159. Its E.M.F. is 1*0198 volts, which remains con- 
stant for years provided no current in excess of *0001 ampere 
is taken from it. 

Having given a standard cell providing a standard E.M.F., 
a measurement of any value of steady potential difference can 
be made by means of the “Potentiometer," one of the most 
useful standardising instruments in the Test Eoom.* 

In its simplified form the potentiometer circuit is as shown 
in Fig. 160. It consists essentially of a \^ire, AC, having a 
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uniform resistance throughout its length, stretched ovey an 
evenly divided scale of say 2000 parts, and connected to a 
battery, B, of two accumulators through a regulating resistance r. 

By means of a sensitive D’Arsonval galvanometer G, and a 
standard cell S, the right value.of r is found which adjusts the 
fall of potential from A to 0 due to the current from B, to 2 
volts — that is, to *001 volt pey division. This operation is 
carried out as follows : The galvanometer and standard-cell 
circuit is connected at A to the zero on the scale, and by a 



slider, E, to that scale-reading 
which is 1000 times the voltage 
of the standard cell; thus if a 
Weston cell is used — to 1019*8 
on the scale. Then, the standard 
cell being so connected as to 



Fig. 159. — Tho Weston Cadmium Cell. Fig. 160. — Simple Potentiometer Circuit. 


oppose the battery B, the resistance r is altered until the 
galvanometer shows no deflection. When this balance is 
obtained, the potential difference between A and E due to B, 
is equal to the P.D. due to S, that is to the scale-reading at E. 
The drop is then equal to *001 volt per division, or 2 volts 
over the full scale of 2000 divisions. 

Thus adjusted, or '' set,” the potentiometer may be used to 
measure any other potential difference — such as the drop 
across E when a steady current of unknown value flows through 
it — by substituting potential connections from E for the 
standard cell in the galvanometer circuit, taking care, as 
before, that the potential current flows in opposition to the 
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potejitiometer battery current, and then altering the position 
of ' E until the galvanometer by giving no deflection shows 
that balance is once more obtained, when the scale position of 
E will then indicate the drop across R E being known, it is 
then possible to calculate the current in the circuit XY, and 
if necessary to calibrate an ammeter, AM, by inserting it in 
series in the XY circuit together with an adjustable resistance, 
not shown, for altering the value of current through XY. 

To calibrate a galvanometer by potentiometer (Fig. 161), 
first set ” the potentiometer by means of the standard cell, 
then switch the galvanometer off the cell and on to a high 
resistance, E, of such a value that the connection of this 

resistance and the galvano- 
meter in shunt to the work- 
ing part of the slide wire, 
makes no appreciable differ- 
ence to the current through 
it. Then move the slider 
contact E to E^, to obtain 
the galvanometer’s deflec- 
tion D, whose current value 
it is required to kriow. 
Then a P.D. equivalent to 
the potentiometer scale 
reading AE^ will be sending the current, I, through the resist- 
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Fia. 161. — Galvanometer Calibration by 
Potentiometer. 


ance E + G, or 1 = a 


AE, 

eTg^ 


where a is the constant of the 


potentiometer scale, and the galvanometer constant K = . • 


As an example, suppose the potentiometer is adjusted so 
that there is a fall of 0*001 volt per scale division, and that 
the galvanometer to be calibrated has a resistance of 10,000 
ohms, and the resistance connected in series with it across the 
working part of the slide wire is 5000 ohms. 

Let the galvanometer deflection be 40 divisions when the 
tapping points on the slide wire are 20 divisions apart; then 
the P.D. applied to the galvanometer circuit is 20 x *001 = 
•02 volt, hence I = -02/(10,000 + 5000) = l/(7-5 x 10^), and 
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K = 1/(40 X 7*6 X 10^) = 1/3 x 1/10^ or l/30th micro-ampere 
per scale division. 

A mean determination of K should be found from several 
values of D. 

To calibrate a low - tension voltmeter by potentiometer 
(Fig. 162) we must make use of a volt-box, or series of 
resistance coils with tappings at 1/lOtlj, 1/lOOth, or 1/lOOOth 
of the total value, which 
should be high, say 10,000 
or 20,000 ohms. 

The volt -box XYZ is 
connected in shunt to the 
voltmeter V and a suitable 
source of constant E.M.F. 

(6), as shown. Potential 
connections are then taken 
from that small fraction 
of the volt-box resistance 
across which there is a drop 
of about 1 volt, and this 
P.D. is then checked in 
the usual way against the 
E.M. F. of a standard cell. The checked P.D. is finally 
multiplied by the volt-box ratio to obtain the true voltage 
of the supply E.M.F. used for calibrating the voltmeter. 
Thus to check a voltmeter on 100 volts a secondary battery of 
50 cells is necessary, and a volt-box with a ratio of sections 
1:99. The checked P.D. across the unit coil must be multi- 
plied by 100 to give the reading required for the voltmeter. 

In many commercial potentiometers the part of the wire 
over which the slider works is reduced to a minimum, in 
some oases to 1/1 00 th or 1/1 5 0 th of the full scale wire, the 
remaining part being split up into two sets of coils — one of 
coarse, the other of fine division — having intermediate con- 
nections to contacts fitted with regulating handles with which 
the necessary tapping points for balancing are found. 

The slider wire should be macte of some non-oxidisable 
metal, and should work if possible under glass in order to 
keep the contact {ree from dust, as the E.M.F. supplying the 
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Fia. 162. — Voltmeter Calibration by 
Potentiometer. 
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galvanometer current becomes less and less as balance is 
approached, and a dirty contact may interrupt the current 
altogether before a true balance is obtained. For careful 
work the sensitivity of the galvanometer should be such as 
to give a deflection of about 1<5 to 20 centimetres per micro- 
ampere, at a scale distance of one metre. The resistance of 
such an instrument would be about 500 ohms. A good 
potentiometer should measure directly as high as 1*5 volts, 
so as to cover , the range of E.M.F. of all types of standard 
cell, and as low as *00001 volt in order to make use of fairly 
low resistance standards for measuring heavy currents. 

The Quadrant Electro- 
meter. — To measure a static 
potential such as that due 
to a charge on a condenser, 
an instrument which ab- 
sorbs a negligible amount 
of energy is required. 

The most suitable form 
it can take, therefore, is 
that of a condenser of very 
small capacity, which em- 
ploys the electrostatic forces 
of attraction and repulsion 
between those parts which are at different potentials, to create 
a movement which can be calibrated. 

In the quadrant electrometer (Fig. 163 {a)) there are three 
essential parts : 

(1) Two highly insulated brass quadrant boxes A and C, 
which are connected together and charged to the same 
potential ; 

(2) Two other similar quadrant boxes B and p, also 
connected together, which are charged to some other potential ; 
and 

(3) A light aluminium moving vane E, which for certain 
tests is earthed, while for others it is charged to a very high 
potential, and which responds by deflection to the resultant 
electrostatic couple exerted by the quadrants. The movement 
is indicated on a scale by a spot of light reflected from the 



Fig. 163 (a). — The Quadrant Electrometer. 
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mirror M, and is controlled by the torque on the vane 
suspension. 

In the original Thomson electrometer the aluminium vane 
was charged to a high potential by means of a Leyden jar, 
the potential to be measured was applied to one pair of 
quadrants and the other pair was earthed (Fig. 163 (b)). Under 
such conditions the deflection of the vane is directly propor- 
tional to the potential to be measured. 

The Dolezalek electrometer is of much lighter con- 
struction ; it is more convenient to use as it does not employ 
a Leyden jar, and is a more sensitive instrument. The 
moving vane is of silvered paper, suspended by a quartz fibre 




Figs. 163 (6) and (c). — Electrometer Connections for measuring Low and 
High Potentials. 

which can be made conducting by a solution of calcium 
chloride, so that the vane may be charged by a battery to about 
80 volts. It has a working capacity of about 50 cm., and it 
gives a deflection on a scale one metre distant of about 0*01 
volt per centimetre. 

To measure a high potential, one set of quadrants should 
be connected to the vane and to the source of high potential. 
The other pair of quadrants must be charged from a source of 
low potential (Fig. 163 (c)). 

Then the deflection which results will be proportional to 
the square of the difference of potential established between 
the two pairs of quadrants. 

This method of testing is also applicable to the measure- 
ment of alternating potentials. 

Current anc^ Potential Indicating Instruments. — Pointer 

N 
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indicating instruments which measure current directly by 
deflection over a calibrated scale, are called ammeters. 

Pointer indicating instruments which measure directly the 
potential difference between two points in a circuit by 
deflection over a calibrated scale^ are called voltmeters. 

All ammeters are electromagnetic ; voltmeters may be either 
electromagnetic or electrostatic. 

The first essential quality of an ammeter is, — that its 
effective resistance must be so small, that, when the instrument 
is placed in series in the circuit, it shall have a negligible 
effect in reducing the current which it is required to measure ; 
whilst a voltmeter must have so high a resistance — either 
contained in its coils, or added externally, — that it makes no 
appreciable difference to the potential drop between the two 
points where it is connected in shunt to the circuit. 

Apart from this resistance factor, and the modifications in 
design which are necessitated by the different current-carrying 
capacities of the windings, there is no fundamental divergence 
either in the construction or in the theory of electromagnetic 
ammeters and voltmeters. 

Some types of ammeters, for instance, which have a 
definite current limitation, are used with shunts for the 
measurement of heavy currents, and they then act as volt- 
meters, measuring the potential difference between the two 
ends of the shunt for various values of the main current. 

A potential difference of this kind is always very small, 
and the instruments which measure it are therefore called 
miWi-voltmeters, the term ammeter being used to describe 
the combination of milli- voltmeter with shunt. 

“ Hot-Wire ” instruments, however, cannot be so described, 
as, when shunted, the measuring wire always carries an 
appreciable proportion of the total current. 

The several types may be divided into three fundamental 
groups : 

(1) Instruments which are suitable for Direct Current 
only — {a) the moving coil type. 

(2) Instruments suitable for both Direct Current and 
Alternating Current — (6) the dynamometer; (c) soft iron; 
{d) thermal types. 
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(3) Instruments suitable for Alternating Current on}y — 
(e) the induction type, which it will be sufficient to simply 
mention here, as such instruments are more subject to frequency 
and temperature errors than are found in other A.C. types^ and 
therefore they are not in very • 
general use. 

The Moving Coil Prin- 
ciple. — A pivoted coil, M 
(Fig. 164 (a)X carrying the 
current to be measured, is 
placed in the field of a per- 
manent magnet NS, and its 
movement is controlled by a 
spiral spring W. 

A soft iron yoke Y, placed Fiq. 154 , — The Moving Coil Ammeter, 
inside the coil, reduces the 

air gap to the smallest practicable limits ; maintains the 
permanence of the field ; and causes it to be radial, and to 
have a constant intensity throughout the range of movement 
of the coil M. 

The deflection obtained is due to the mechanical reaction 
between the variable current and the fixed magnetic field, and 
is therefore proportional to the first power of the current, 

so that the instrument 
measures the average of 
instantaneous values. 

The average value of 
an alternating current 
(rig.l65(a))is(Ij + I,)/2 
= 0, so that the instru- 
ment is not suitable for 
(h) measuring alternating cur- 
Fio. 166. — Alternating, and Variable Direct rents. 

The average value of 
a fluctuating direct current (Fig. 165 (&)) will be given by the 
mean height of the current ordinates, or by + which 
in this case is a measurable value. ^ 

The scale of such an instrument is equally divided, as shown 
in Fig. 164 (6). 
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Tfhe Dynamometer Principle. — The current to be measured, 
or — in the case of a voltmeter — the current resulting from 
the E.M.F. to be measured, passes through a pivoted coil M 
(Fig.^166 (a)), which is constrained by a spring and fitted 
with a pointer, and then through one or more fixed coils F, 

in series with M. 

« The movement of the pointer 
is caused by the mechanical re- 
action between the currents in 
the fixed and moving coils, and, 
as it is the same current which 
varies the magnetic fields of both 
coils, this movement is propor- 
tional to the second power of the 
current. 

Fig. 166.-The Dynamometer However, it is the first power 

of the current which we desire 
tg know, so the scale is calibrated in proportion to the square 
root of the coil or pointer deflection. 

If the current is fluctuating, or alternating, the deflection 
is proportional to the mean square value, and the scale 
reading is therefore proportional to the square root of the mean 
square, or E.M.S. value. 

If Fig. 167 {a) represents an alternating current, the coil 



movement will be propor- 
tional to P (Fig. 167 
(6)), and as this is always 
positive, the instrument 
will be suitable for 
measuring alternating 
current. The scale is 
diverging, as shown in 
Fig. 166 (&). 

Soft Iron Ammeters. 



Fig. 167. — The Square, Mean Square, and 
Root- Mean-Square Values of Current. 


— In the Everett-Edgecumbe model, a soft iron disc ’D (Fig. 
168 (a)), on a spring-controlled pointer spindle, is drawn into a 


solenoid S, which carries the current to be measured. 


If the disc is magnetically unsaturated, the movement will 
be proportional to the magnetic pull of the solenoid and the 
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induction in the disc, and as both these quantities are 
proportional to the current in the solenoid, the deflection will 
be proportional to the square of the current. If the current 
is so large as to cause the* disc to become saturated, then the 
movement will be proportional to the field of the solenoid 

only, and therefore 20 

to the first power S S ^ ^ 

of the current. 

Then the scale \Py 
— which is cali- (jj) 

brated to read the leS.-^The Everett-Edgecumbe Soft-Iron Ammeter, 

first power of the 

current over its whole range — is likely therefore to be open at 
the middle and closed at both ends, as shown in Fig. 168 (&). 

As the induction in the disc reverses with the current, the 
instrument is suitable for reading both on D.C. and A.C. 

In the Weston model, the current to be measured flows 
through the winding of a solenoid (see Fig. 169), inside of 
which are two soft iron vanes. One of these vanes, M, » is ^ 
movable, being carried by the pivoted pointer spindle, while 
the other, F, is fixed. 

The solenoid current magnetises them both to like polarity, 

so that they repel 
each other; and as 

XvUjIi-Uj r induction in 

^ ^ vanes is in- 

^ " creased by the same 

(d) (i)) current, the move- 

Fio. 169. —The Weston Soft-Iron Vane Ammeter. ment is proportional 

to the square of the 

current, and the reading given by the pointer to the RM.S. 
value. 

The vanes are shaped to give the best working scale, which 
has the general character of Fig. 169 (6). 

Thermo-Ammeters. — A very common design is that due 
originally to Messrs. Hartmann and Braun. 

The current to be measured, I, is passed through a fine 
platinum-silver wire of resistance E, which is stretched 
between two fixed points A and B (Fig. 170). 


Fig. 169. — The Weston Soft-Iron Vane Ammeter. 
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A fine phosphor-bronze wire is attached to the centre 
of AB at C, and to a fixed point D ; also a silk fibre is 
attached to some point E in CD, and is ^then taken one turn 
round a pulley P carrying a pointer, to a spring F. 

The current generates heat in the wire AB proportional to 
I^R, which causes it to expand and to sag, with the result 
that the wire CD also sags, and the silk thread pulls the 
pulley round as the spring takes up the slack. 

Fig. 170 also illustrates the manner in which the actual 

expansion is mag- 
nified. 

If the part of 
the wire AC when 
^ heated by a given 
current is in- 
creased in length 
by an amount 
HCj, this will give 
the wire CD a 
movement CC^, 
which in a similar 
manner will con- 
vey an increased 
Fig. 170. — The Hartmann-Braun Hot-Wire Ammeter. movement to the 

silk thread, so that 

the amount taken up by the spring will be PE — PEj = QE. 

The angle of deflection which results from this movement 
depends on the diameter of the pulley ; and the length of the 
scale on the length of the pointer. 

The scale is divergent, similar to Fig. 166 (i>), and the 
reading gives the E.M.S. value of the current. 

In order to multiply the current-carrying capacity of the 
expanding wire, it may be so connected to the terminal bars 
of the instrument as to provide several paths in parallel for 
the current. 

Thus in Fig. 171 (a) the current enters the system at X 
and leaves at Y. The part AC of the expanding wire is in 
parallel with the part CB, and the total current ' capacity 
of the wire is thereby doubled. 
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In Fig. 17 1 (b) the wire AB is split up into six parallel 
paths for the current. 

Ammeters which work on thermal principles are the only 
types used in practice to measure high-frequency currents. 

Their accuracy depends (1) on the constancy of resistance 
of the expanding ^ 

element at differ- ^ 

ent frequencies ; ||i 

(2) on the distri- I j 

bution of current | . j 

at different fre- m 

quencies when the y 

expanding part is 

oonfirinaliaoH FiG. 171. — Methods of increasing the Current- carrying 

secuonaiiseu. Capacity of Hot-Wire Ammeters. 

Constancy of 

resistance with change of frequency can be obtained by using 
a measuring wire of high resistance and small diameter, or 
alternatively a very thin strip of high resistance as th§ 
expanding element. * 

In Fig. 171 (b), the resistance of the terminal bars X and Y 
may be negligible compared with that of the measuring wire, 
. but the difference in inductance 

\ of the various paths to AB may 

\ be such as to create unequal dis- 

\ tribution of the current at high 

h - t i t ’ frequency, which will introduce 

^ * error in the instrument readings, 

u ^ construction 

yi / adopted by Hartmann and Braun, 

J ^ ( which aims at even current dis- 

J \ tribution, is illustrated in Fig. 

^ 172. The current to be measured 

High-Frequency Ammeter. P^SSeS through a drum COnsiSt- 

ing of a number of thin narrow 
platinum-silver strips of equal resistance, screwed on to the 
peripheries of two circular solid metal end-plates. 

The expansion of one of these stj'ips, AB, is measured in the 
manner already described. In this case the difficulty is to 
ensure that the strips have equal resistance. 


Fig. 172. — The Hartmann- Braun 
High-Frequency Ammeter. 
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Fig. 173.- 


-The Duddell Thermo- 
Ammeter. 


The Duddell Thermo -Ammeter — which is suitable for 
measuring small high-frequency currents — is a moving coil 
instrument fitted with a thermo-couple and a non-inductive 
high-resistance heater wire. 

The current to be measured is passed through the heater 

H (Fig. 173), which rises in tem- 
perature and warms the thermo- 
junction J. An E.M.F. propor- 
tional to the heat received, and 
therefore to P,is thereby generated 
in the junction, which causes a 
current to circulate through the 
moving coil M. This current 
reacts with the field of the per- 
manent magnet, and the coil with 
its pointer is deflected. 

Parallel wire ammeters are also used with thermo-junctions. 
Jn one form (Fig. 174 (a)) the junction J is attached to the 
cJfentre of the middle wire, the resulting current being read off 
a low-resistance pointer galvanometer G. But as it is always 
better to make use of the whole heat production of the instru- 
ment in order to prevent 
errors due to unequal cur- 
rent distribution, the ar- 
rangement shown in Fig. 

174 (J) is to be preferred. 

The wires are bridged with 
the two metals used in the 
thermo-junction — in this 
case copper and eureka — 
alternately, and in series, 
leaving two free ends of 
opposite metals to con- 
nect to the galvanometer. 

In the Marconi-Ewen ammeter for small currents (Fig. 175), 
two fine wires of platinum-iridium are stretched taut from two 
fixed points, A and B, to a pivoted bridge piece C, which 
carries a pointer P. 

A hair spring attached to the bridge spindle is given a set, 


X 

J 

Y 

r 



(5 

(d) 




Fig. 174. — Parallel Wire Ammeters with 
Thermo* J unctions. 
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which is resisted by the torsion thereby applied to the two 
fine wires. 

The current to be measured is passed through the wires and 
heats them so that they increase 
in length and offer less resistance 
to the twisting moment of the 
spring, with the result that the 
bridge pointer is deflected. 

The Marconi-Ewen ammeter for 
heavy currents (Fig. 176) employs 
a thin cylinder of resistance metal as 
the heating element H, which carries 
the whole current, and its longitu- 
dinal extension is measured by the 
increase in tension it conveys to 
two wires which are under the in- 
fluence of a torsion impressed on 
them by a controlling spring. The wires are fitted in a some- 
what similar manner to those in the smaller instrument, but 

they are only used 
for measuring pur- 
poses, not for carry- 
ing current. They , 
are stretched taut 
between two lugs 
on the free end of 
the cylinder, and a 
collar on a spring- 
controlled spindle 
supported from the 
base of the instru- 
ment. Only the top 
part of this move- 
ment can be seen 
in the illustration. 

The E.M.S. current is indicated, and the scale is diverging. 

For the measurement of heavy high-frequency currents, 
however, it is much more convenient and quite as accurate to 
make use of a properly designed air-core transformer, with a low 



Fig. 176. — The Marconi-Ewen Ammeter for 
Large Currents. 



Fig, 175. — The Marconi-Ewen 
Ammeter for Small Currents. 
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current thermal instrument connected to its secondary as 
indicator, as described by A. Campbell and D. W. Dye,^ instead 
of an instrument which carries the whole current. 

An illustration of a 4 - amp. Marconi - Ewen ammeter 
coifnected to a 1 : 100 air-core transformer, so that at full scale 
deHection it indicates 400 amps., is shown in Eig. 177. 

The straight cable primar^j^ may be part of the eartli lead ; 
in this case it is a section of 256/18 with hemp core, and the 



Fig. 177. — An Air-Core Current Transformer used with a Marcoui-Ewen 
Ammeter. 


secondary is a ring winding on a wooden former in two 
sections, clamped round the primary. 

The Electrostatic Voltmeter. — If two hollow quadrants, 
A and P> (Fig. 178 {a)), are oppositely electrified by a potential 
difference V, and a vane, C, suspended so as to move inside 
them is electrically connected to one of them. A, then it will 
be repelled from A and attracted to the other quadrant B with 
a total force which over a short range varies as the square of the 
potential difference, or as V^. 

The moving vane may have either a gravity or spring 
control. 

For measuring medium voltages, such as 100-500 volts, the 
number of fixed segments and moving vanes are multiplied, as 
shown in Fig. l78 {h), 

» S.m; 77//: FJrrh-iruni^ March 19, ]91.n 
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Fig. 179 illustrates a Kelvin volt-halance, vertical type in- 
strument, used for the measurement of potentials of the order 
of 10,000 volts. In this case the electrostatic force is 



(W 


Fio. 178.— The Electrostatic Voltmeter. Fiq. 179.— The Kelrin V(dt-Balanoe. 

balanced against gravity, and the range of the instrument can 
be altered by weighting the vane. 

Electrostatic voltmeters give R.M.S. readings, and their 
particular advantage is that they absorb no power. 


CHAPTER VIII 


THE MEASUREMENT OF RESISTANCE 


Steady Current Resistance. — The ‘‘ OhmJ^ — Large Current Sub-Standards . — 
The Wheatstone Bridge. — The Slide Wire Bridge. — The Plug Bridge . — 
The Post Office Pattern. — Method of using the Bridge. — Portable Bridge 
urith Paul Galvanometer'. — The Measurement of very Small Resistances. 
— The Potentiometer Method. — The “ Ducter Potential Ohmmeter.^' 
— The Ohmmeter, — Resistances of 1 Megohm and above. — Insulation 
Resistances. — The “ Guard Wire.’’ — The ‘‘ Megger.” — Insulation and 
Dielectric Resistances of Millions of Megohms. — The Use of a Ballistic 
Galvanometer^ — of an Electrometer. 

Steady Current Resistance. — The ohm/' the unit of resist- 
ance, is the true electrical resistance at 0° C. of a column 

of mercury 106*3 cm. long and 1 
square millimetre in cross-section, 
measured with an unvarying direct 
current. 

In«the commercial laboratory this 
is represented (1) by large current 
sub-standards of strip or wire having 
values of 1 ohm, *1 ohm, *01 ohm, etc., 
made of a metal which has a very 
low temperature coefficient,^ such as 
manganin, platinum-silver, or plati- 

Fio. 180. -A Resistance Stand- “oid, aud constructed in a non-induct- 
ard of 0*1 Ohm, to cany 16 iye manner. Fig, 180 shows a *1 ohm 
Amperes. standard, suitable for carrying 1 5 

amperes. The current enters and leaves it by the ‘‘current 

^ The percentage change of resistance with change of temperature per degree 
centigrade. 
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terminals '' A, and its specified resistance is given between 
the ** potential terminals ” B. 

(2) By the Wheatstone Bridge, an instrument generally 
composed of a large number of such sub-standards, but suitable 
only for very small currents, assembled in one box, and*so 
connected that they can be used to measure unknown resist- 
ances within a wide range above and below their own values. 

The Wheatstone Bridge. — The principle on which this 
instrument works is as follows : 

ADC and AEG (Fig. 181) are two branch circuits fed with 
current from a battery B. The fall of potential will be the same 
down each of them, therefore if we connect a current detector 
G to any point E, in AEG, we 
can find a corresponding point 

D, in ADC, having the same poten- 
tial as E, at which no current 
will flow through G. In this 
condition the Bridge is said 
to be balanced.'' If P, Q, E, S 
are the respective resistances of 
the arms of the bridge, the fall 
of potential along P will then be 
the same as the fall along E, and 
the potential fall along Q must 
equal the fall along S. Also, as no current flows from D to 

E, the same current will flow-through Q as through P, and the 
current in E will be the same as in S. 

Let Vp, Vq, Vh, Vs be the respective falls in potential ; 
and Ip, Iq, ly^, Ig the respective currents; then Vp = Vr, 
and Vq = Vq ; also Ip = Iq, and Ir = Is- 

But by Ohm's Law 



D 



Fig. 181. — The Working Principle 
of the Wheatstone Bridge. 


Then 


P E. 
Q“S’ 


or, R = S 


Q 


In the practical case (Fig. 182) E would be the unknown 
resistance, S the. standard of comparison, P and Q a slide 
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wire mounted on, or in front of, a metre scale, and tapped 

P 

by a travelling connection at the point D. The ratio ^ will 

be given by the ratio of the two lengths into which the slide 
wife is divided at the point D, It is usual to have a number 
of standards at S, either one of which can be plugged in 
circuit, that one being used .which brings the tapping point 
D nearest to the centre of the slide wire, as there is then least 
error in the measurement. 

But the slide-wire form of Wheatstone Bridge can only 
measure resistances within a limited range. It is therefore 
only used as supplementary to what is known as a Plug ’’ or 
'' Coil ” Bridge, an instrument constructed to measure resist- 



Fig. 182.— The Slide- Wire 
Wheatstone Bridge. 



Fig. 183. — Post Office Plug-Bridge ; 
Method of connecting the Coils. 


ance values within a very wide range, say between *001 and 
10 megohms, or ’0001 and 1 megohm. In this instrument 
the connection at D is fixed ; the two ratio arms P and Q, and 
the measuring arm S, are made up of resistance bobbins which 
can be plugged either in or out of circuit, according to the 
method of construction adopted. Thus in the ‘‘ Series or 
Post Office Bridge (Fig. 183) the plugs are used to short- 
circuit sections of the total resistance, whereas in the “ Dial 
and Bar'* patterns (Fig. 184 (a) and (6)) plugs are employed 
to tap off from sections of the resistance. The last method 
reduces the liability to error from faulty plug contacts. 

A diagram of a commercial Post Office Bridge is shown in 
Fig* 185. 

The ratio arms each have usually a series of four coils, 
1 ohm, 10 ohms, 100 ohms, and 1000 ohms — three only are 
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shown in the figure — and the measuring arm a much larger 
series which will allow any resistance, say from 1 ohm to 
10,000 ohms, in unit steps, to be inserted in circuit. The 
terminals BB are connected to the battery, GG to the galvano- 
meter, and KR to 
the unknown re- 
sistance. This hav- 
ing been done, a 
measurement is 
made as follows : 

First insert re- 
sistances in the two 
ratio arms which 
give an equality 
ratio, by removing, («) (^) 

tor instance, the 
two 10 -ohm plugs. 

Then, by removing plugs from the measuring arm, try to 
balance the unknown resistance so that on depressing first 
the battery key KB, and then the galvanometer key KG, no 
deflection results. 

The value of the resistance under test is then given, as 
before, by the ratio of the two resistances in the ratio arms 

multiplied by the 

I col resistance in the 
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Fig. 186.— Diagram of Post Office Bridge Circuit. SUring arm, Units, 

tens, hundreds, and 

thousands. Thus suppose the resistance found, using an 
equality ratio, is 21 ohms, then only the units and tens coils 
in the measuring arm wull have been used. By altering now 
the ratio arms tg 10 and 1000 ohm§ respectively, th 


Fig. 186. — Diagram of Post Office Bridge Circuit. 
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hundreds and thousands coils in the measuring arm will also 
came into use, and the resistance under test can then be 
measured to the second place of decimals. Eesistances greater 
than the maximum value in the measuring arm can of course 
only be measured by using a high ratio, and resistances less 
than the minimum value by using a ratio less than unity. 

The galvanometer used with the Wheatstone Bridge is 
simply a current indicator. *In the workshop, where approxi- 
mate measurements are all that is required, a robust pointer 
instrument would be used. For very rough work a lines- 
man's detector” — in which a magnetic needle is free to move 
on its axis in a coil of wire carrying the current — may do. 
Its resistance would be about 100 ohms, and sensitivity — two 



Fig, 186. — Single Pivot Galvanometer of R. W. Paul, showing Movement. 

scale divisions per milliampere. For better work an instrument 
such as is shown in Fig. 186‘(a) would be employed. The 
current-carrying coil in this case is pivoted, and moves in a 
strong magnetie field. Its resistance would also be of the 
order of 50 ohms, or 100 ohms, and its sensitivity about half 
a scale division per microampere. The single-pivot movement 
adopted by E. W. Paul which is here illustrated (Fig. 186 (b)) 
has the advantage that it has a minimum of pivot friction, is 
free from out-of-level error, and, considering the sensitivity 
obtained, it is very robust and portable. 

In the test room accuracy is essential, and the bridge 
must be provided with a fairly sensitive galvanometer, but 
there is no need for it to be highly sensitive. A quick- 
acting, strongly - damped reflecting galvanometer of the 
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D'Arsonval type — moving coil and fixed magnet — is most 
commonly used. Fig. 151 (a) shows the details of such an 
instrument. Its sensitivity should be such that it gives a 
deflection on a scale placed at a metre distance of 25 mm. 
to 100 mm. per microampere, according to the number of tu\ns 
in its coil and therefore to its resistance, which may be any- 
thing from 200 ohms to 500 ohms. 

The battery must be well insulated, and is required to 
give an occasional momentary current, which may reach perhaps 
•25 ampere, but in general testing is more often a few milli- 
aniperes. Generally, one small, but good, dry cell is sufficient. 

The “ Pall of Potential ” Method. — Very small resistances, 
say O’l ohm and less, can often 
be measured better by a fall 
of potential’' method than by a 
“ bridge ” method, as the error in- 
troduced by the resistance of con- 
tacts can then be reduced to a 
minimum. Thus, suppose it is 
required to measure the resistance 
of a dynamo armature, or a short 
length of cable. Select a known 

standard resistance S, of about the Fia. 187 .— Fall of Potential Method 

of measuring Small Resistances. 

supposed value of the unknown 

E. Join the two in series with a variable resistance and 
a battery of several cells B (see Fig. 187). 

Then use a high-resistance galvanometer, or one with a 
series resistance of such an order — say 2000 ohms — that 
when connected across either of the low resistances it makes 
no apparent difference to the fall of potential down it. This 
galvanometer, unlike the instrument used on the Wheatstone 
Bridge circuit, is required to be a current measurer, not simply 
a detector, and therefore should have good zero keeping 
qualities. Then if the deflection Dg represents the value of 
the current through the galvanometer when it is connected 
across S, due to the fall of potential down S, and the 
resulting galvanometer current which is the measure of the 

potential fall down E, then = as the same main current 

E S 



o 
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D 


passes through both resistances, and E = Syy~' H the 


deflection is not absolutely proportional to the galvanometer 
current, then and Dg should be replaced in the foregoing 
expression by their current equivalents as found by calibration. 
It is not desirable that either of the galvanometer deflections 
should be large, hence the use of the adjustable resistance r. 
The connections shoula all be soldered, or made in mercury 
cups, a quick throw-over method of changing G from E to S 
should be used, and several sets of readings should be taken 



to ensure that no error occurs through slight variations in the 
main current. ^ 

If great accuracy is not required, a suitable voltmeter may 
be used in place of the galvanometer at G. 

The Ducter Potential Ohmmeter/* — A portable instru- 
ment for measuring very low resistances — from 0 to 500 
microhms on one scale, and up to 5 ohms by the use of a 
multiple switch — known as the ‘‘ Ducter Potential Ohmmeter ^ 
or ‘‘ Ducter,*’ is often found useful for commercial work, particu- 
larly as it is direct reading. Fig. 188 is a simplified diagram 
of its internal connections, showing also the method of con- 
necting to the test piece. 

The place of the galvanometer is taken by an ‘‘ ohmmeter,” 


^ ^l^de by Evershed & Vignoles, Lti, 
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an instrument whose moving part consists of a current coil 
and a potential coil fixed on one axle, with their magnetic axes 
at a definite angle to each other, moving in the field of a 
permanent magnet. The reactions between the current in 
each coil and the field, produce two torques on the axle, but 
these torques are in opposition, so that the resulting deflection 
depends on the ratio of potential dron to current, and thus to 


resistance, as 



The current coil, TC, is connected across the shunt S in 
the main circuit, and the current which flows through it is 
proportional to the main current. The potential coil, VC, is 
connected across the test piece E, and the current which flows 
through it is proportional to the potential fall down E. 

Two insulating handles, each fitted with a pair of spring- 
contact test -spikes I and V, make a, current and potential 
connection to the unknown resistance E, the handles being 
applied so that the potential spikes come between the current 
spikes on the test piece. A secondary battery giving 2 volts is 
required for the measurement of resistances at the bottom range 
of the instrument, and giving 8 volts for resistances above 1 ohm. 

Measurement by Direct Galvanometer Deflection. — The 
measurement of resistances of 1 megohm and upwards can be 


obtained with greater accuracy by 
a direct galvanometer deflection 
method than on a Wheatstone 
Eridge. The galvanometer G (Fig. 
189) must be a highly sensitive 
mirror instrument, having a milli- 
metre scale placed at a distance of 
2 metres. Its resistance should be 
of the order of 5000 ohms to 



Fig. 189. — Resistance Measure- 
ment by Direct Galvanometer 
Deflection. 


10,000 ohms. It must keep its 

zero, and its constant G — the figure by which the scale deflec- 
tion D must be multiplied to give amperes — should be the 
same over the whole working range of the scale. The battery 
B should have an E.M.F. of about 100 or 200 volts. The 
complete circuit — battery, galvanometer, key, leads — requires 
to be well insulated from earth. 
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The current in the circuit, I, which results from the 
battery voltage E, and the total resistance of the circuit which 
comprises E the unknown, r the galvanometer resistance — 
and^the resistance of the leads and battery which is negligible 
compared with the other values-. — is given by 


and 




= G;kD = 


^volts 

R + r 


E 

Kohm.s = Q^ 




The galvanometer must first be calibrated to determine G, 
either by sending a known current through it, measured by 
some other instrument of precision, and noting D, or else by 
potentiometer in the manner already described. Also the 
E.M.F. of the battery must be accurately determined — if dry 
cells, by an electrostatic voltmeter ; if accumulators, by any 
efficient type of voltmeter ; or, failing a voltmeter, by 
jgotentioineter. 

Insulation Resistances. — Conductor resistances above 
1 megohm are seldom met with, but insulator resistances — 

due to which the current creeps over 
or through the material — are of 
this order and upwards. 

It is usual to provide a “ guard 
wire whenever possible on insula- 
tion Ijests, which short-circuits the 
galvanometer to currents creeping 
along the stir face of the material 
but leaves it free to measure the 
currents passing through it. 

Thus, if, in place of E in the 
direct deflectional test above, a 
cable is inserted as in Fig. 190, 
whose insulation resistance it is 
required to measure, the two bared 
ends of the cable — which is placed in a metal tank filled with 
water — are connected to one terminal of the galvanometer, the 
other terminal and the tank are connected to the battery, and 
the guard wire W is v^rapped round the rubber or gutta-percha 



Fig. 190. — The Use of a Guard Wire 
for Insulation Tests. 
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exposed by the removal of the* braiding, and connected to t;Jie 
galvo side of the battery. Then any leakage along the surface 
on reaching the guard wire is carried direct to the battery 
without passing through the galvanometer. 

The ** Megger ” Ms a portable instrument in very gCxieral 
use for measuring insulation resistances. It consists of a 
moving coil “ ohmmeter,” somewhat similar in construction 
to the ohmmeter fitted to the ductef, connected through the 
necessary resistances to the apparatus under test, and a hand- 
driven high-tension magneto-generator which provides the 
testing current. 

The principle of the circuit is shown in Fig. 191. All 



tests are made between the Line circuit, connected to 
terminal marked L, and Earth,” connected to terminal marked 
E. A guard plate fitting protects the ohmmeter from leakage 
currents in the instrument, which plate should be connected 
to the guard wire used in cable tests as already described. 
The handle spindle of the generator is fitted with a free- 
wheel attachment to the gearing, which allows the machine 
to be driven only one way, and prevents any damage resulting 
due to the sudden stoppage of the handle. A constant 
voltage is obtained by the use of a centrifugal friction clutch 
between the gearing and armature, which uncouples the 
armature when the driving handle is turned above the critical 
speed. It is claimed that the E.M.r. does not vary more 
than 1 part in 1000 when running under such conditions, 
j Made by Evershed & Vignoles. Ltd. 
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* The lowest range instrument measures from 0 to 10 megohms 
at a constant pressure of 100 volts, and the highest range 
from 15 to 5000 megohms at a constant pressure of 1000 
volts. 2000-volt generators are also now coming into use. 

The “ Loss of Charge ” Method. — Insulation and dielectric 
resistances of millions of megohms are measured by a loss 
of charge method. The two test plates on the material are 
connected to a charged 6ondenser C (Fig. 192), and the rate 
of fall of the charge due to leakage across or through the 
material is noted. Then if the galvanometer deflection Dq, 
obtained by taking the discharge immediately after the charge, 




Fio, 192. — Insulation Resistance by 
“ Loss of Charge” Method. 


Fig. 193. — “ Loss of Charge ” 
Method, using an Electrometer. 


falls to Di, and if there is a time t seconds interval between 
charge and discharge, it can be shbwn that — 




. 4343 ^ 
Jogio 


and if T is the time interval in seconds for the condenser to 

lOT 

lose half its charge, then E = nearly.^ 

7 C 

Here E and C are in ohms and farads, or megohms and 
microfarads, 

A ballistic galvanometer must be used, that is one with 

1 See J. A. Fleming’s Handbook for the Elcc. Lab. and Testing Room, vol. i. 
p. 298. 
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very small damping; it receives the full effect of the charge 
before it has completed its first swing, and the amplitude of 
this swing when suitably corrected for damping is the measure 
of the charge. 

Better results are obtained if an electrometer of small 
capacity and very high insulation* is used instead of a galvano- 
meter (Fig. 193). It need not be. very sensitive, as the battery 
voltage can be made comparatively ^high, say 100 volts or 
more. The rate of fall of potential of the charged condenser 
can then be observed directly, and the electrometer may be 
left in circuit the whole time, but a correction must be intro- 
duced for the leakage resistance through the condenser and 
electrometer. This should be determined by the same method 
before the insulating material under test is joined in circuit. 
It must be subtracted from the total insulation resistance 
found when the insulator is in circuit, making use of the 
formula for resistances in parallel for this purpose. 
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THE MEASUREMENT OF CATACITY 


The Farad.” — The Electrostatic Unit. — Specific Inductive Capacity . — 
Capacity hy Direct Charge. — The Fleming -Clinton Commutator. — 
Circuit Collections. — The Capacity Bridge. — The Calibration of 
' Marconi Glass Condenser Tubes. — Residual Charge. — Alternating- 
Current Measurement of Capacity. — The High-Frequency Resonance 
Method for Small Capacities. — The Effective Capacity of an Aerial. 

The Measurement of Capacity. — The international electro- 
ipagnetic unit of capacity, the farad,'’ is the capacity of a 
condenser which has its potential raised from zero to 1 volt by 
a charge of one coulomb (one ampere for one second). Imagine 
a sheet of ordinary window glass thick and 20 square mPes 
in area, covered on both sides with tinfoil. The condenser so 
formed would have a capacity of about 1 farad. 

Obviously we require a smaller unit in practice, and the 
working unit has therefore been made one millionth of a farad, or 
the microfarad." But the microfarad also becomes cumber- 
some to use when dealing with very small condensers, so that 
the capacity in free space of a sphere having a radius of 1 centi- 
metre, the electrostatic unit, 9x10^ of which are equivalent 
to 1 microfarad, then becomes a more suitable standard. 

The present tendency is to adopt the “ micro-microfarad " in 
place of the “centimetre" — 1-1 m.mfd. being equal to 1 cm. 
— in order that confusion may be avoided by providing for 
the measurement of the complete range of capacities in electro- 
magnetic units. 

The Specific Inductive Capacity of a material is the ratio 
of the capacity of a condenser which employs this material to 
completely fill the dielectric space between its conducting 
*200 
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plates, to the capacity found when the material is replaced by 
air at atmospheric pressure. 

A number of such values are tabulated below : 


Substance. 
Ebonite . 
Glass 

India-rubber 

Mica 

Paper 

Paraffin Wax 
Porcelain 
Quartz . 
Vaseline 
ParaflBin Oil 


Sp. Ind. Capacity. 

2- 0-315 

3- 0-90 
21-2-9 
8-0 

2 - 0 - 2-8 

2*3 

4- 4-6-8 
4*5 

2*2 

2 - 2 - 2'6 


The specific inductive capacity of all gases at atmospheric 
pressure does not differ much from unity, but a proportional 
increase takes place with increase of pressure. Air at 100 
atmospheres has a specific inductive capacity of 1*05. 

Capacity by Direct Charge. — To compare an unknown 
condenser against a standard Cg (Fig. 

194), first charge the standard for a given 
time, say 30 seconds, then discharge it by 
instantaneous throw-over to a ballistic 
galvanometer G, and note the deflection 
Dg. Then change over to the condenser 
of unknown capacity C^, charge for the 
same time, discharge as before, and note 
the galvanometer deflection Then the 
ratio of the two charges will be the same as the ratio of the 
two deflections. If V is the battery voltage, 

VCg:VC,: 

and = 

Us 

For example, a ballistic galvanometer having a resistance of 
10,000 ohms, a time of swing 4*5 seconds, and sensitivity 6 
cm. per microampere at 1 metre scale distance, when used 
with a 100-volt battery will give a 2-cm. deflection for a 
capacity of *002 mfd., and 50 cm. for a capacity of *05 mfd. 



Fig. 194. — Capacity by 
Direct Charge. * 
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The direct discharge of a condenser through a ballistic 
galvanometer can be used to measure its absolute capacity if 
the steady current required to give the same deflection is 
known, but the method of test is not sufficiently simple to 
describe here. 

The Capacity Commutator. — The absolute measure of 
very small capacities can conveniently be obtained by using 

the “ Eleming-Cliiiton Com- 
mtitatoi’/' a device for first 
charging, then insulating, 
and finally discharging a 
condenser through a gal- 

F,o. i9r,.-Thei'ie,ui„g-ciu.tou Commutator ; in a regular 

, the Siirfjice laid out Hat. manner many times per 

second, so that the gal- 
vanometer gives a constant deflection. 

Then if I = current in microamperes corresponding to scale 
deflection 1), 

V = charging E.M.F. of battery, 
n = number of commutations per second, 

C = capacity of condenser under test in microfarads, 



C = 


nxY 


The surface of the commutator laid out flat is shown in 
Fig. 195, and its section in Fig. 196. 

Three interleaving phosphor bronze discs A, B, and I, well 
insulated from each other and from a common shaft, form a 
drum which is fitted with three brushes and driven through an 
insulating flexible coupling by a ^-h.p. motor, running at about 
2000 r.p.m. Brush X connects to the galvanometer, brush Y 
to the condenser, and brush Z to the battery. As the 
commutator revolves, Y and Z come on the same disc and the 
condenser receives a charge, a little later each brush bears on 
a separate disc — the condenser is insulated from both battery 
and galvanometer ; still further revolution causes Y to bear on 
the same disc as X, and the condenser discharges through the 
galvanometer. 

The commutator completes its cycle of changes four times 
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per revolution, and by means of reducing gear on the shaft 
rings a bell every 100 revolutions. 

If T is the time in seconds required for the bell to ring 10 
4000 

times, n — 

T 

The circuit connections terminating at the commutator 
brushes are shown in Fig. 197 ; rr are protective resistances, 
each of 100,000 ohms ; P and Q are long arm switches. The 



Fig. 196. — The Fleiiiijig-Cliiiton Commutator ; 
Sectional View. 



Fig. 197. — The Flemiiig-Clinton 
Commutator ; Circuit Con- 
nections. 


battery and every part of the circuit must be well insulated 
from earth. 

The galvanometer is first calibrated in microamperes per 
scale division, then ^ — G, the galvanometer constant. 

The commutator being run up to speed, the following 
galvanometer deflections are noted. 

(1) With switches P and Q open, tlie deflection due to the 
capacity of the whole circuit, exclusive of the condenser C, = Dj. 

(2) With switch P closed and Q open, the condenser being 
short-circuited but connected to the switches, the deflection due 
to the circuit capacity plus capacity to earth of both sides of 
the condenser =D 2 . 

(3) With switches P.,and Q closed and the condenser in 
circuit, the deflection due to the total capacity of the circuit 
and the condenser, plus the capacity to earth, = Dg. 
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Then 


0 = 


{Oa- 


(Di + D,) 
2 
«V 


xG 




+ ^A>lxG 


4000V 


With an aperiodic galvanometer of 500 ohms resistance, 
having a sensitivity at 1 -metre scale distance of 7 centimetres 
per microampere, the range of test, using a 50 -centimetres scale 
and suitable variation of commutator speed and battery voltage, 
will be from 0*00004 mfd. (36 cm.) to 0*002 mfd. (1800 
cm.). The range of commutator motor speed must then be 
from 2600 r.p.in. to 900 r.p.m., and the range of battery 
voltage from 100 volts to 50 volts. 


The method is not suitable for measuring the capacity of 
leaky condensers, as the charge will fall during the interval 
between breaking the condenser connection to the battery on 
tjhe commutator and again making it to the galvanometer ; nor 
for condensers of such a size that the speed of the commutator 
prevents them getting fully charged before they are dis- 
connected from the battery. 

The Capacity Bridge. — A convenient circuit for com- 
paring an unknown capacity against a standard by a method 

of balance, generally known as a 
Capacity Bridge, is shown in Fig. 
198. ^ 

The unknown condenser is 
joined in series with a standard 
condenser Cg, across a two- cell battery 
B, which delivers an intermittent 



Fig. 198.— The Capacity Bridge, charging Current due to the intro- 
duction of a high-note buzzer Z. 
The condensers are shunted by a' resistance HiR^. As the 
same charging current flows through the two condensers, the 
P.D. maintained by the battery will be divided between them 
in the inverse proportion to their capacities. If EjRg is a slide 
wire on a metre scale, and we make contact somewhere along 
its length, the P.D. down the sections into , which it will be 
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thus divided will be directly proportional to their resistances, 
and therefore to their lengths. A telephone, T, is joined at 
one end of the common connection of the two condensers, and 
at the other to a travelling contact on the slide wire. This 
contact is moved until a point is found at which no buzz 
is heard in the telephones. The bridge so formed will then 
be in balance, the point of contact on the slide wire being at 
the same potential as the common connection of the condensers. 
Then 

Cy Eo 

and = C« X 

Kj 

If the best adjustment on the slide wire does not lead to 
complete silence in the telephones, but only to a minimum of 
sound with a rise on either side, the want of balance is either 
due to imperfect insulation or to pronounced dielectric ab- 
sorption in the condenser branches. A continuous fall in 
strength of telephone buzz all ''along the wire to the end, 
suggests that the point of balance is not in the exposed part 
of the slide wire but in the extension coil enclosed in the 
instrument to make the scale more open at its useful portion, 
and that a more suitable standard condenser should be used. 
With two standard condensers -004 mfd. and *08 mfd., and a 
metre slide wire of No. 28 Eureka, having a resistance of 
4*18 ohms, with an extension coil of *85 ohm at each end, a 
range in capacity measurement from *0007 mfd. to *5 mfd. 
can be obtained, and a further extension to the slide wire of 
20 ohms by means of a switch will carry the useful range up 
to 2 mfds. 

The Calibration of Glass Condenser Tubes. — The 

Marconi condenser tubes for ^-kw. ship sets provide a good 
example of the use of the capacity bridge in manufacture. 
The capacity of these condensers must be within 2^ per cent 
above or below 600 cm., the height of foil to allow for 
variation in thickness and quality of the glass being within 
1" and 4" from the top* 

The raw tube^ after being well cleaned and dried, is inserted 
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Fig. 200. — Stand used for Check Calibration of 
Plated Tube Condensers. 


bronze dust is blown on to the varnish, and the tube is then 
ready for the plating bath. 

When the inner coating has reached the required thickness, 
the tube is withdrawn 
from the bath, and it 
is then prepared in a 
similar manner to re- 
ceive a copper deposit 
on its outer surface. 

This plating process 
completed, it is 

cleaned, dried, varnished, baked, and then checked for capacity 
on the bridge to see that it comes within the 2^ per cent 
limit, using the stand shown in Fig. 200 as a support. 

Residual Charge. — All dielectrics, other than the stable 
gases, possess to a more or less degree the qualities of 
“ soakage,*' or absorption,” and ‘‘ residual charge ” ; that is, 
it , takes time to charge them fully, and to discharge them 
completely. 

The specific inductive capacity is not then a fixed quantity 
for any dielectric, but depends to a certain extent on the 
conditions under which the dielectric is used, on the frequency 
of the charge and discharge, also on the maximum voltage 
applied to the condenser, and on the energy density at which 
it is worked. If it is possible, therefore, to measure the 
capacity of a condenser under its actual working conditions, so 
much the better, particularly in the case of condensers used 
in power circuits for which the factor of safety — the ratio of 
breakdown load to working load — is not very high. 

Alternating Current Measurement of Capacity. — In 
an alternating current circuit of sinoidal wave-form, in 'luhich 
the conditions for resonance do not exist. 


I = V 

•*r. 111.8. ^ r.m.s. 


or 


0 , 


microfarads ' 


10 ^ 

2'7rwV.._ ’ 


where I is the^ charging current, V the potential difference 
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measured across the terminals of the condenser by an electro- 
static voltmeter or volt balance, and n is the frequency of the 
supply, the ohmic resistance R in the condenser being negligible. 
The above equation will give too high a value for the capacity 
if tlie voltage wave-form is not sinoidal ; but given the wave- 
form, a suitable factor can be found to use in place of 27 r to 
make the formula correct. 

The Method of Resonance on High Frequency. — For 

small condensers a high-frequency resonance method is ofien 
found useful. A wave-meter is required which has a circuit so 
arranged that the condenser under test can be connected 
either in series or in parallel with its own condenser (see p. 296 
and Fig. 278). Either the condenser scale must be calibrated 
in -capacity C as well as wave-length X, or the inductance L of 
the wave-meter circuit must be known. 

Finally, a high-frequency current must be provided in a 
neighbouring circuit which gives a wave-length reading high 
up on the scale of the wave-meter condenser. 

Then for capacities less than the maximum of the wave-meter 
condenser, tune up the wave-meter to the oscillating circuit, 
first without, and then with, the condenser of unknown 
capacity in parallel with its own condenser. The difference 
in the readings of the wave-meter condenser, if it is calibrated 
in capacity, will give the value of the unknown. 

If X and L are known, but C is not known, the two 
values of the wave-meter condenser can be obtained from 
the formula 


whence 


\= ISSSv'LO, 
L Vl885/ 


2 


where C = capacity in microfarads. 

L = inductance in microhenrys. 

\ = wave-length in metres. 

♦ If the condenser under test has a higher capacity than the 
maximum of the wave-meter condenser, it should be placed in 
series in the circuit. 

Let 0 be the capacity of the wave-meter condenser before 
the condenser of unknown capacity is insei^ted, and Cj the 
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capacity afterwards ; then if Cx be the actual capacity of the 
added condenser, 


1 _ 1 1 

c”c;+c.’ 




C^-rC 


The connecting leads to the condenser under test should 
be short and thick, in order to keep down the added 
self - inductance. With most wave - meters this will be 
negligible compared with the inductance of the wave-meter 
coil. 

The Effective Capacity of an Aerial. — To measure the 




Fig. 201. — Measurement of the Effective Capacity of an Aerial. 
(a) Using Ignition Coil Excitation. (6) Using Buzzer Excitation. 


effective capacity of an aerial, excite the aerial by means 
of an ignition coil K and spark gap S, inserted at the 
earthed end (Fig. 201 (a)), or else by a shunted buzzer B, 
if it contains an inductance coil (Fig. 201(&)); and by 
means of a wave-meter W, held near the aerial, measure the 
natural wave-length X. Then insert a known capacity C, as 
near the earthed end as .possible, and measure the new wave- 
length 


p 
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Then the effective capacity of the aerial 


C, = Cx 




ff the capacity C is continuously variable and calibrated, 
it may be altered until Xj = ’707X, when, arising from the 
wave-length formula, 

■' c, = a 



CHAPTEE X 


THE MEASUREMENT OF INDUCTANCE 


The “ Henry — The Anderson Bridge Method. — The Anderson-Fleming 
Bridge. — The Fleming-Glinton Commutator used with Inductance 
Bridge. — Slide- Wire Inductance Bridge. — Inductance Bridge with two 
Sliders. — Slide-Wire Bridge calibrated in Liductance Units. — The 
“ Dro^ in Potential ” Power Method. — The Inductance of a Trans- 
former ; — of an Alternator. — A Resonance Method for Inductances 
of several hundred Henrys. — The Harmonic Effects in the Resonance 
Method. — A High-Frequency Method for small Inductances of a few 
Microhenrys. — The Unknown Inductance inserted in a Wave-Meter 
Circuit. — The Effective Inductance of an Aerial. — The Measurement of 
Mutual Inductance. — The Campbell Variable Mutual Standard . — 
Coupled Circuits. — The Coefficient of Coupling. — Its Significance. 


The practical unit of inductance, the “ henry,"' is that degree 
of storing up of magnetic energy which would be possessed 
by an electric circuit of one turn, if a variation in it of one 
ampere per second were to produce an E.M.F. of one volt. 
The working unit for high-fyequency currents is the “ micro- 
henry," the absolute electromagnetic unit the '‘centimetre," and 
there are 10^ centimetres in one henry. 

The Anderson Bridge. — The Anderson method for measur- 
ing inductances, shown in Fig. 202, is useful over a wide 
range. If P, Q, S are three arms of a Wheatstone bridge, the 
fourth arm EL being the coil whose inductance L it is required 
to measure, first establish a balance for direct currents, using 
an ordinary D’Arsonval galvanometer, so that on closing Kg 
and then Kq the galvanometer G shows no deflection. Then, 
if E is the resistance of the inductance coil, 


P 

Q 


S 

E^ 


and E = 


SQ 

P' 


211 * 
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Now if we close the two circuits in the opposite order by 
first pressing the galvanometer key and then the battery 

key Kg, the galvanometer will give 
a momentary kick. This will be 
due to the self-induction of the coil 
L, creating a back E.M.F. in the 
circuit in consequence of the rise 
o/ current passing through it, thus 
disturbing the balance of potential 
difference in the bridge until the cur- 
rent finally reaches its steady value. 
The bridge is therefore balanced 
a second time by inserting a plug resistance box Z, and con- 
denser C, in the galvanometer circuit by means of a switch, and 
adjusting them until the galvanometer ceases to give any kick. 

When this condition is obtained 



B'lu. 202. — The Anderson 
Inductance Bridge. 


L = C{Z(E + S) + EQ}.' 

• The Anderson-Fleming Bridge. — A useful modification 
by Fleming is shown in Fig. 203. 

For the inductive balance a telephone 
replaces the galvanometer, and a 
buzzer interrupted direct current, or 
an alternating current, replaces the 
steady direct current. 

The galvanometer, however,^ is 
preferable for measurements of iron- 
core inductances, as, due to the iron 
core, it is often impossible to adjust 
so as to get a silent point on the 
telephone, and difficult sometimes even to decide when the 
buzz is a minimum. 

E may consist simply of the ' resistance of the inductance 
coil, when the inductance is small, or of this resistance plus 
a series resistance, when the inductance is high. The range 
for a bridge having 1000 ohms as the highest resistance used 
in any branch of the circuit, may be taken as from 3 henrys 

1 For proof see Fleming’s Handbook for the Electrical Laboratory and Testing 
UGonif vol. ii. p. 194. 



Fio. 203.--The Andersoii- 
Fleming Inductance Bridge. 
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for a condenser capacity of 1 microfarad, down to 50 micro- 
heurys for a condenser capacity of *01 microfarad, the resist- 
ances being adjusted to suit. 

A Commutator-Bridge Method. — A special design of 
Fleming-Clinton commutator can be used with the Anderson 
method to produce a steady galvanometer deflection. Fig. 
204 shows the commutator laid out flat. It consists of two 
pairs of interleaved and insulated Wheels, mounted on a 
common shaft and motor - driven, a separate brush being 
fitted for each wheel. When the two brushes come on the 
common portion of the double wheel A, the galvanometer 
circuit is made ; this is followed by the brushes on the double 
wheel B completing the battery circuit ; then the wheel A 
breaks the galvanometer circuit, and finally the wheel 



Fig. 204. — Fleming- Clintou Commutator for Fia, 205. — A Single Slide -Wire 
Use with Inductance Bridge. Bridge. 


breaks the battery circuit. This sequence is repeated many 
times per second. The galvanometer is thus able to sum up 
all the kicks on the make of the battery current, but none of 
those which occur on the brdak, and thus is able — providing 
the commutator runs at constant speed — to give a constant 
deflection in one direction. The wheels I do not carry current, 
but act as insulated supports for the brushes when they pass 
from one projecting spoke of A or B to the next. 

Slide-Wire Inductance Bridges. — A slide-wire method of 
measuring inductances by comparison with a standard, would 
appear at first sight to have advantages as regards simplicity of 
operation and ease of adjustment, but to obtain a true balance 
is on the contrary often a tedious business, iron-core induct- 
ances which vary in value with the strength of the current 
passing through them being especially difficult to test. 

If E and L (Fig. 205) are the resistance and inductance 
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of the coil under test, an inductance standard, and S an 
adjustable resistance, then the required relation for both non- 

L E P 

inductive and inductive balance is that ~ ^ Then 

Lg S y 

for any given value of S the slider is moved on the slide wire 
PQ until a minimum of sound is heard in the telephone. 
Then another value of S is tried, and the best balance again 
obtained, this operation bein^ repeated until a value of S is 
found at which no sound is heard in the telephone, when the 

p 

bridge will be in true balance, and L = Lg x — • 

A method devised by the author which speeds up this test 
makes use of two slide wires, as shown in Fig 206, the resist- 
• ' ^ ance of the wire SE being 

^ large compared with the 

resistances of the induct- 
ance coils L and Lg. If 
the resistances of L and 
Lg can be neglected, then 
for any symmetrical posi- 

^ lili ViSSSl sliders on the 

* 1*1" two wires the bridge will 

Fig. 206. —a Double Slide- Wire Bridge. be in balance for steady 

currents, so that the only 
operation required to balance for transient currents would be 
to move both sliders symmetrically in the same direction until 
no sound was heard in the telephone. But as Lg and L have 
some resistance, the operation just described does not result 
in perfect silence, and must therefore be followed by a final 
independent adjustment of the two sliders to correct for this. 

A method used for rough work, which employs one slide 
wire only, is to calibrate the wire PQ so that it reads direct 
in inductance units, by employing a fixed standard Lg, and 
substituting several standards at L, noting the point of 
balance on the wire for each inductance tested and marking it 
accordingly. As no provision is made in such a bridge for 
balancing resistance, the telephone will only in exceptional 
cases be silent at the best adjustment. 

Measurement oxj Power, by Drop in Potential. — The 


Fig. 206. — A Double Slide- Wire Bridge. 
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inductance of a winding having an iron core and used in a power 
circuit, such as the L.F.I.C. inductance of the Marconi 1^-kw. 
set, is best determined under working conditions, that is with 
the working current flow- 
ing through it at the 
working frequency. The 
inductance can then be 
calculated from the mea- ^ ^ 

sured fall of potential in „ mi ^ 

. ^ Fig. 207. — The Power Method of measuring 

the winding as shown by inductance. 

an electrostatic or other 

suitable A.C. voltmeter. If with a given current I, at a 
frequency n, there is a fall of potential V across the induct- 
ance L (Fig. 207), which has a resistance R, then 

I - - , 

^K' + (2-nL^,f 

and if R is negligible compared with 27r7iL, as it generally is, 
then 

Lhrys. = approximately. 

If an inductance coil has a potential drop across it of 300 
volts when passing a current of 1 ampere at 50 cycles, the 
value of inductance will be roughly 1 henry. 

Transformer Inductance. — To measure the inductance of 
a transformer under ‘‘ no-lOad ” conditions, the secondary is 
left open-circuited and current at the working frequency is 
delivered to the primary, that value being noted which gives 
the working P.l). between the terminals ; then the inductance 
is found from the last formula. 

To obtain the inductance under “ load ” conditions, proceed 
as follows : — 

(1) Measure the ohmic resistance of the primary winding. 

(2) Measure the ohmic resistance of the secondary winding, 
and divide it by the square of the transformation ratio (see p. 36) 
in order to find its equivalent value in the primary circuit, 

(3) Add the two primary circuit values together to obtain 
the effective^^ ohmic resistance R of the transformer. 
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(4) Short-circuit the transformer secondary, and, employing 
a regulating resistance, pass the full-load current I, at the 
correct frequency n, through the transformer primary. 

(5) Measure the terminal potential V. 

IBien L, the effective transformer inductance, can be found 
from the formula which includes R given above. 

Alternator Inductance. — To measure the inductance of an 
alternator, excite the ma^chine by connecting the field windings 
to the normal D.C. supply, then with the armature stationary 
pass the full lead current through it at the correct frequency, 
noting the P.D. between the slip rings. Then work out the 

inductance as above. 
Repeat this operation 
with the armature 
moved through a small 
angle, and continue to 
repeat it until the arma- 
ture will have been 
turned through a suffi- 
cient angle for its wind- 
ing to have travelled 
more than one pole 
pitch, and therefore 
through the complete 
range of field strength. 
Then distinct minimum and maximum values will have been 
obtained (see Eig. 208), and the kiductance of the alternator 
should be stated to vary within these limits. 

A Low-Frequency Resonance Method. — If the induct- 
ance of a coil is very high, say several hundred henry s, sucli 
as the secondary of a 10" induction coil, or the secondary of 
a power transformer, it can be measured by loosely coupling 
it to a neighbouring circuit carrying a current of known low 
frequency, and establishing a condition of resonance by the 
aid of an adjustable standard condenser Cg and a series low- 
resistance telephone T (Fig. 209). Cg is varied until the 
noise in the telephones is a maximum, and the capacity 
which establishes this condition is noted. Then n, the 
frequency per second of the inducing current, being known. 



/^5iTt0fr or orcwL 

/KEurr/ve tp folcs 

Fig. 208. — The Variable Inductance of an 
Alteniator. 
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and the resistance of the inductance coil being negligible 
compared with its total impedance — which is usually the 
case, — and the impedance of the telephone compared with 
that of the coil also being 

negligible, g.|K 


J 1 


c 

^hrys.'^farads 


^'^hrys. 



47r"w^C„ 


As an example, if 100, 

^ Fig. 209. — A Low-Frequency Resonance 

and C = *01 mfd., then L Method, 

will be roughly 250 henrys. 

It will be found that as the condenser is diminished ,in 
capacity below the value required for tuning to the frequency 
of the inducing current, the circuit will tune successively to 
the odd harmonics of 3, 5, 7, 9, etc. times this frequency, 
the telephone note gradually rising in pitch. Fig. 210 
represents the inductance coil and condenser opened out, and 

the wave-forms of 



the related reso- 
nating frequencies, 
each of which, has 
a potential node at 
the centre of the 
inductance coil and 
an antinode at the 
condenser. When 


Fig. 210. — The Harmonics which show up in the tuning to the fuil- 
L F. Resonance Metho<i. damental appears 

to be flat, the cir- 
cuit may be tuned alternately to one of these harmonics, the 
frequency of which will be given by multiplying the funda- 
mental frequency by the order of the harmonic. Thus, the 
lowest note obtainable will be the fundamental ; the next note 
to it will be the third harmonic, which will have three times 
the frequency ; the next note five times the frequency, and 
so on. If there is any doubt as to the correct pitch of the 
fundamental frequency, a telephone fitted with a shunt suffi- 
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cieritly large to carry the full current may be inserted in series 
in the primary inducing circuit, whence it can be heard. 

A High-Frequency Resonance Method. — Small induct- 
ances of a few microhenrys are most easily measured by a 

high - frequency resonance 
method, as shown in Fig. 
211, where L is the un- 
known inductance, Cg a 
standard condenser, B a 
shunted buzzer, and W a 
wave -meter circuit with 
crystal detector and telephone. On closing the buzzer circuit 
switch Z, the wave-meter coil picks up from Lj and resonance is 
established by varying the wave-meter condenser until the 
buzz in the telephone reaches a maximum. Then the wave- 
length corresponding to this setting of being known, and 
Cg being known, L can be found from the formula 


c 



Fig. 211. — A High-Frequency Resonance 
Method, 


or 


^metres 1885 x/Ljjjjjj.yg^ X 


-^inhi>s. 


’ meties 

ii‘55 X lO"* X C, 


mfds. 


Thus a standard capacity of *0 Imfd. will be suitable for measur- 
ing a range of inductances from 2*5 mhrys. to 38 mhrys., if the 
wave-meter has a range from 300 metres to 1200 metres. 

Alternatively the inductance can be inserted in the wave- 
meter circuit and measured, if tj^e wave-meter inductance is 
known, and the condenser is also calibrated in capacity (see 
p. 296 and Fig. 278). 

This method requires a source of high-frequency current 
in a neighbouring circuit which gives a wave-length reading, 
X, high up on the scale of the wave-meter condenser. 

Then if L be the inductance of the wave-meter, and Lj the 
inductance to be measured, and if C and be the respective 
capacities of the wave-meter condenser when it is tuned to X 
without and with L^ in circuit, when the wave-meter is in tune 

X^ = 47r'^(L + Li)Ci = 47r2LC. 
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The Effective Inductance of an Aerial. — The effective 
inductance of an aerial can be measured by means of a 
standard inductance and a wave- meter. 

If the aerial already contains an inductance coil, it can be 
excited by means of a shunted buzzer B, as showii in 
Fig. 212 (a) ; if it does not, then an ignition coil excitation 
K can be used, with a spark gap S, inserted near the earthed 
end of the aerial, as shown in Fig. 2?2 (6). 

By means of the wave-meter W, held near the aerial, find 
the natural wave of the aerial X ; next insert the known 



Fig. 212. — Measuring the Effective Inductance of an Aerial : 
{a) by means of a Buzzer Method ; {b) by a Spark Method. 


inductance L^, and find tho value of the new wave-length 
Then from the two wave-length equations it can be shown that 


The Measurement of Mutual Inductance. — If two coils, 
or electric circuits, are so close to each other that the magnetic 
field produced by a current in one of them extends into or 
through the other, the measure of that part of the total 
magnetic flux which thus gets linked with the second coil or 
circuit is called the Coefficient of Mutual Induction of the 
two coils or circuits, and is denoted by the letter M. The 
unit is the “henry/' and consists of 10® lines of linkage in 
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one of the circuits, as a result of a current of one ampere in 
the other. 

Let Li = the inductance of one closed circuit by itself, and 
L2 == the inductance of the other, the two circuits being 
widely separated.^ 

If a current is passed through both circuits in series, the 
term for mutual inductance must occur twice in the expression 
for total inductance, so that if ^ 

L3 = the inductance of the two circuits when connected 
so that their two magnetic fields assist, and 
L4 = their inductances when the fields oppose ; 
then Lg = L^ -f L2 + 2M, and L4 = L^ + L2 — 2M ; 

fropi which M = 

Lg and L^ can be measured by that method among those 
already described which is considered most suitable for the 
purpose, or M may be measured by direct comparison with a 
standard mutual inductance consisting of two coils whose 
magnetic coupling with each other can be varied, the resulting 
change in M for different settings of the axes of the coils 
having been previously found by measurement or by calculation. 

The Campbell Variable Mutual Standard (Fig. 213 {a)) 
is constructed on this principle. 

To measure a value of M within its range — • 2 micro- 
henry to 1100 microhenrys on one type, and 2 microhenrys 
to 11,000 microhenrys on another — connections are made as 
shown in Fig. 213 (&), where Lp and Lg are respectively the 
primary and secondary of the standard, and L^p and L^g the 
primary and secondary of the unknown, connected in opposition 
to the standard. 

Then if the standard mutual inductance is varied until 
there is silence in the telephone, = M, where M is the 
scale reading of the standard. 

If available, a source of A.C. supply can be used in place 
of the buzzer interrupter, and a vibration galvanometer in 
place of the telephone. 

Coupled Circuits. — But the most interesting and important 
cases involving mutual inductance with which yre have to deal 
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are the “ coupled ” circuits, in which energy is conveyed from 
one to the other solely by means of the mutual field. 

When the primary current is increasing, it is the mutual 
field due to the primary current which expends itself in giving 
rise to an induced current in the secondary circuit, and if 
the energy of this secondary current is not used up in the 
secondary circuit its mutual field reacts back on the primary 
circuit, at a rate determined by the natural period of oscillation 
of the secondary circuit and the period impressed by the 
primary circuit, so that if the primary is fed with alternating 

FIXED 




Fkj. 213. — The Campbell Variable Mutual Standard. 

{a) Diagram showing Arrangement of Coils ; (h) the Use of the Standard 
for measuring an Unknown Mutual Inductance. 


current there is a continual interchange of energy between 
the two circuits. 

If the period impressed by the primary circuit is the same 
as the natural period of the secondary circuit, a state of 
resonance is established, and the secondary circuit feeds 
back its energy to the primary at the same rate as the 
primary feeds out its energy to the secondary, but the two 
operations are out of step. 

The CoeflScient of Coupling is given by the ratio 

v'Lp X L, 

and is really the fraction by which the inductance of either 
circuit is dimipished or increased due to the weakening or 



222 WIEELESS TELEGKAPHY AND TELEPHONY 

strengthening of its magnetic field, as a result of the inductive 
action of the other circuit. 

Thus, when the primary circuit is giving out energy its 
effective inductance is Lp(l--A:), and when it is receiving 
energy its effective inductance i^ Lp(l 4-^). 

The secondary circuit also under similar conditions will 
have effective inductances Lg(l — /k) and Lg(l +A). 

As an illustration, in the t&t for the measurement of very 
high inductance (page 216), there are two positions of the 
condenser which should give resonance to the fundamental 
note of the primary circuit, corresponding to the values 
L(1 —i?) and L(1 +Z:;) of the coil under test, but by keeping 
the coupling weak, or ‘‘loose,” and therefore the value of k 
very small, the two points of resonance are brought so close 
together that they become indistinguishable. 

But suppose the current energy induced in the secondary 
circuit is used up as fast as it is produced, then it will not 
be available for reacting or “ surging ” back on the primary 
ck’cuit, and the magnetic field will be represented by the field 
produced by the primary minus the mutual field used up by 
the secondary, and the inductance of the primary circuit 
therefore by Lp(l —k). 

In the case of the standard low-frequency closed iron-core 
transformer, the endeavour is to make = 1 by coupling the 
circuits as “ tight ” as possible, so that the whole of the primary 
energy may be made available for the use of the secondary 
circuit, with the result that the effective inductance of the 
primary winding measured on load falls to a negligibly small 
value. 
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THE MEASUREMENT OF FREQUENCY 


Machine Frequencies. — The Fr ohms Method. — Stroboscopic Methods. — Drys- 
dale^s Boiler Stroboscope. — A Tuning-Fork controlled^ Shutter. — The 
Frequency of Alternating Currents. — The Hartmann and Braun 
Frequency-Meter. — Method used to double its Range. — The Principle of 
Induction Frequency- Meters. — The Westinghouse Instrument. — 'The 
Weston Instrument. — The Use of a Thin Filament Lamp — Or Neon 
Tube.-r-An Oscillograph Method. — A Gehreke Oscilloscope Method. — The 
Behavioujr of Frequency -Meters when the Alternations are not Sinoidal. 
— Spark Frequency. — Fleming Tape Record Device. — The Marconi 
Dictaphone Method. — Fleming Photographic Method. — The Measure- 
ment of Oscillation Frequency. — The Campbell Spark Counter. — Maxwell 
Bridge Method for indicating any Change in Speed of Revolving Mirror. 
— Roller Stroboscope and Tuning-Fork Control. — Photographs of Spark 
Trains. — The Measurement of Wave-Length. — With Reference to a 
Standard Velocity of Propagation. — Lecher Wire'^ Circuits. — The Com- 
mercial Wave-Meter . — Wave-Meter Calibration for Short Wave-Lengths 
up to 300 Metres . — Wave-Lengths of 300 Metres to 1500 Metres, and of 
1000 Metres to 3000 Metres. — The Spark-Counter Method best for all 
Wave-Lengths above 1500 Metres. — Buzzer Oscillating Circuits for Test 
Room Use. — The Tuning Piter. — A Comparison of the Resonance 
Method with the Spark-Counter Method when there are Coupled Waves 
in the Oscillating Circuit. 

Machine Frequencies. — The speed of a machine is usually 
stated in terms of the number of revolutions it makes per minute 
— that is, in terms of frequency — and is generally measured 
by speed counter and stop-watch, the counter consisting of a set 
of gear wheels worm-driven from a spindle the end of which 
is pressed firmly into the centre hole of the machine shaft, or 
by a direct reading tachometer, in which the shaft movement 
is transmitted by a belt or friction drive to a form of centri- 
fugal pendulum resembling a governor, the control springs of 
which work an indicator pointer. 

223 
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But some small machines have their speed affected by 
using a counter or tachometer, and for other reasons it may be 
inadvisable sometimes to use them with large machines. For 
such cases the Frahms method may prove suitable. A toothed 
wheel is fitted to the rotating^ shaft, and the teeth give a 
mechanical vibration to an iron support carrying a number of 
tuned indicating reeds, causing that one to vibrate strongest 
which has the same period. Or again, a light attachment or 
commutator may be fixed to the shaft, which completes the 
electric circuit of a frequency-meter once per revolution. 

Stroboscopic methods are also used which work on the 
following principle : 

Supposing a disc X (Fig. 214), having a number of coii- 



Fig. 214. — A Stroboscopic Disc and Shutter. 


centric star designs, is fixed on the end of the running shaft, 
the stars all having a different number of points, say from four 
upwards. Let this disc be viewed by an observer at Z, through 
another slotted disc, Y, running at a known constant speed. 
Then the slotted disc will act like a shutter, only exposing a 
view of X to Z so many times per revolution, depending on 
the number of slots in Y. In the interval between slot K 
leaving the line of vision and slot H entering it, the outer star 
may have moved from A to B, which is not symmetrical in 
relation to A, and this star will therefore appear to have moved 
backward. The inner star, under similar conditions moving 
from E to F, will appear to have moved forward, while the 
middle star, moving from C to D, which is symmetrical with 
0, will present no change apparent to the eye, and thus will 
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appear to have stood still. This effect is due to the disc X 
travelling -^th of a revolution in the same time that the disc 
Y travels ;|^th of a revolution, and the speed of X will there- 
fore be f X speed of Y, or 


Speed of shaft = 


Number of slots in shutter x Speed of shutter 
Number of points in stationary star 


Suppose it is not possible tafix sdch a disc X on the end 
of the running shaft, then if a single radial line is marked on it 
in chalk, under the same running conditions as just described 
there will appear to be five single lines when the shaft is 
viewed through the slots in disc Y, and 


Speed of shaft — 


Number of slots in shutter x Speed of shutter 
Apparent number of single lines 


But the relation between the two speeds need not be a 
simple one such as 4 to 5. If four revolutions of Y take place 
in the same time as five revolutions of X, then the dines seen 
on the shaft will be all single. But if four revolutions of Y 
take place in the same time as 6|*, 7^, etc., revolutions of 
X, then 5, 6, 7, etc., double lines will be seen on the shaft, or 
if the relation is 4 to 5^-, 7.^, etc., the lines will be triple 

— the multiplication of the lines depending on the denominator 
of the fraction. If it is possible, however, to vary the speed of 
Y and still know its value, it is decidedly better to do this in 
order to make the lines remain single. 

Drysdale’s method (Fig. ’215) is to revolve the disc Y by 
a roller drive on the surface of a cone 
AB, which has the same diameter at the 
big end as the disc Y, and is driven at 
constant speed. According to the position 
at which Y is set on AB, its speed will 
be equal to or less than that of AB, by 
an amount which is indicated on a scale 
mounted parallel to the axis of the cone. 

If there appear to be five double 
lines on the shaft X when the disc Y 
is set at a given position on the cone, they will be reduced to 
five single lines , by reducing the speed of Y 1 0 per cent — 

Q 



50Z 75% fool 


Fig. 215. — The Drysdale 
Roller Stroboscope. 
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that is, by shifting Y to a position where the diameter of 
the* cone is 10 per cent less than before. 


Number of slots in shutter x Speed of cone x 


Then speed of X = 


Percentage shown on scale 
Apparent number of single lines 


The rotary disc Y may be replaced by a tuning-fork 
vibrating at a known frbqueniy (see Pig. 216), the prongs of 
which carry shutters S, provided with slits which open twice 
per period, the fork being set in vibration by means of an 



interrupted direct current pass- 
ing through the winding W and 
the contact C on the fork. As 
the rate of opening and closing 
the shutter is fixed, the disc 
X should be provided with 



Fig. 216. — An Electrically Con- 
trolled Tuning-Fork working a 217. — The Hartmann and Braun 

Shutter. Frequency Meter. 


many suitable concentric stars in order to allow the tuning- 
fork to be used for measuring speed over a wide range. 

The Frequency of Alternating Currents, stated in cycles 
per second, is best measured in practice by means of tuned 
reeds. 

In the Hartmann and Braun instrument two parallel rows of 
steel reeds E (Fig. 217), with flat whitened ends for indicating 
purposes, all tuned to different frequencies, are acted on by an 
oblong electromagnet M, which is placed between them, and 
is excited by the alternating current the frequency of which 
it is required to measure. In the diagram a (section ^ has been 
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Fig. 218.— The Use of a Direct- 
Current Winding for doubling 
the Range of a Reed Frequency 
Meter. 


taken through the end of the magnet winding in order to 
expose more detail. 

In the Everett-Edgcumbe instrument the reeds surround 
a circular electromagnet. , 

A method used to double the range of the reeds is 
illustrated in Fig. 218. If AB is the line of zero current, 
every time the alternating current 
grows from zero, whether positively 
or negatively, the magnet exerts 
a pull on the reeds, so that they are 
attracted twice per cycle. Now if 
this zero line is shifted down to the 
position CD, by superposing a direct 
current of value AC, which exactly 
neutralises the field due to the negative part of the alternating 
current when it is at its maximum, then the variations of flux 
in the magnet will all be on one side of the zero, and there 
will in consequence be only one pull by the magnet per cycle. 
Thus a reed which indicates 100 cycles when pulled twice p^ 
cycle by the electromagnet, will be suitable for indicating 200 

cycles if the magnet has both 
an AC. and a suitable D.C. 
winding, so that it pulls the 
reed only once per cycle. 

Another method of measur- 
ing frequency makes use of the 
fact that the current in a circuit 
connected to a constant voltage 
A.C. supply will be constant 
at any frequency if the circuit 
only contains non-inductive 
resistance, but if it contains inductance, the resistance being 
negligible, the current will be given by the expression 



Fig. 219. — ^The Principle of Induction 
Frequency Meters. 




27r7lL^ 


that is, it will be inversely proportional to the frequency. 
A and B are two coils with axes at right angles (Fig. 219), 
which are so connected in parallel that when current flows 
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through the windings, the independent influence of each 
magnetic field on a needle N, pivoted at the common centre 
of the two coils, is to swing it round in opposite directions. 
If inductance coil L is connected in series with A, and 
a resistance E in series with then values of L and E can 
be chosen such that, when current of a given frequency is 
passed through the two coils A and B, the position of equilibrium 
for the needle will be midwaj^ between A and B. For any 
other frequency the current through A will be less or greater 
than through B, and the needle will take up a position nearer 
to or farther away from the coil A, and its movement can 
therefore be calibrated to indicate the frequency of the supply 

current. 

In the Westinghouse instru- 
ment, the place of the coils A and 
B is taken by two electromagnets 
Ml and Mg (Fig. 220), and the place 
of the needle by an aluminium 
disc V, which floats between the 
jaws of the magnets. 

The reaction between the alter- 
nating magnetic flux due to one 
magnet, and the eddy currents set 
up by it in the disc, tend to rotate 
the disc. Tliis movement is opposed by the reaction due 
to the field of the other magnet. The force causing move- 
ment thus depends on the difference in the field strengths 
of the two magnets, one of which, due to the series induct- 
ance coil L, will be much more affected by frequency than 
the other. The disc is so shaped that it moves out of the 
field of the stronger magnet as it rotates, and so can take 
up a final position of equilibrium, instead of continuing to 
rotate under the influence of the difference of the two driving 
torques. 

A diagram of the Weston frequency-meter is shown in 
Fig. 221. While this instrument also works on the principle 
already described, the special arrangement of its circuits, 
which results in a very open scale, merits remark. A light 
needle N takes up a position of equilibrium determined by 



Fig. 220. — The Westinghouse 
Frequency Meter. 
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the difference of the torques exerted by the current through 
the coil A, in series with the inductance winding L, and ^ the 
current through the coil B, in 
series with the non-inductive 
resistance E. 

But this difference is ac- 
centuated by the bridge method 
of connections used, which can • 
be better understood by refer- 
ence to Fig. 222. As the fre- 
quency increases, not only does ^ 

less current flow through the p,,. 221._The We«ton Frequency 
branch LA, but due to the in- Meter, 

creased impedance of Z, more 

current flows through the branch EB, so that change of 
frequency affects both coils instead of only one, which results 
in greater movement of the needle and therefore a more open 
scale. 

The inductive coil C is a dioke designed to damp out the 

fiigher harmonics, as all in- 
struments which depend on 
the above principle are likely 
to read high if the wave-form 
is not truly sinoidal. 

Fig. 22-2. -The Weston Bri.tge Circuit. In case a frequency-mcter 

is not available, it may be 

possible to apply one of tlie various methods described below. 

If the speed of the alternator can be measured and its 
general design is known, then 

Speed of alternator Number of pairs 
in r.p.m. of poles 

n- 

If a thin filament lamp — that is, one which responds quickly 
in brilliancy to variations in current and therefore will dim 
twice per cycle — is connected to the A.C. supply, and its light 
is thrown on a stroboscopic disc rotating at a known speed, 
and marked with a number of equally spaced radial lines, such 
a disc will appear to be stationary when 
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Speed of disc in x Number of stationary lines 


If one line only is marked on the disc, then the rule must 
be mi^dified to read number of apparent stationary lines/’ In 
place of the lamp a neon tube could be used, excited through 
a suitable transformer, the primary of which would be connected 
in the alternator circuit. 

The Duddell oscillograph (see p. 168) is fitted with two 
vibrators. One may be connected to an A.O. supply of known 



Fig. 223. — A Full-Scale Oscillogram showing a Current having a Frequency 
of 4000 Cycles, compared against one of 150 Cycles. 


frequency, and the other vibrator to the supply of unknown 
frequency. The two wave-forms can then be directly compared, 
either by observation in a revolving mirror or by photographing 
them in the usual way on a dropping-plate. Eig. 223 shows 
an oscillogram of an alternating current of 150 cycles used to 
measure the natural frequency of a circuit excited from a 
battery by means of a commutator. The unknown frequency 
works out as 4000 cycles. 

Or again, a single rotating mirror used in conjunction with 
an oscillograph (Fig. 224 {ay)y or witli a Gehreke oscilloscope 
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(Fig, 224 (b))y provides yet other means of determining 
frequency. 

The oscilloscope is a sealed glass tube evacuated of air, 
but containing nitrogen at 8 mm. pressure, which is fitted 
with two aluminium rod 
electrodes in line, but separ- 
ated by a small gap. 

When a voltage is ap- 
plied to the oscilloscope, as 
soon as it exceeds a certain 
value a purple brush ap- 
pears, which extends from 
the gap for a distance along 
each electrode, proportional 
to the potential of that 
electrode. 

If the potential is alter- 
nating, and the brush which 
results is examined in a 
rotating mirror, it will be 
seen to be spread out into 
a wave-form curve, as shown 
in Fig. 224 (by 

As the mirror speeds up 
from rest, it will in time 
reach a point at which it 
shows a stationary image 
of several alternations (Fig. 

224 (c)). If the speed is Fig. 224. --(a) Oscillograph and (6) Oscillo- 

, . -I 1 • scope Methods ; (c) and (d) Wave-Forms 

further increased, the image in a single Routing Mirror, 
will once more move across 

the mirror, until that speed is reached which gives another 
stationary image, but with fewer alternations. When the 
mirror finally shows a stationary image of a half-cycle only 
(Fig. 224 (d )) — the angular width will be less than 180° of 
phase owing to the limitations of the test — then it will have 
travelled in the same time through 90 angular degrees, and 
therefore it will have half the angular speed of the alternating 
current, and 
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76 = 2 X 


Speed of mirror in r.p.in. 
60 


A mirror speed of 4000 r.p.m. on this basis corresponds 
to 13r3*3 cycles per second. 

If a multiple cycle image is used to measure higher 
frequencies, or a mirror having four or six faces — which, 
however, has the disadvantage of still further reducing the 
angular width of the image — then 


76 = 2 X 


Speed of mirror 
in r.p.m. 


Number of Number of 
X stationary x faces of 
half-cycles mirror 

“6 0 / “ ' 


It seldom happens that the wave-form given by an alternating 

current machine is 
truly sinoidal. In 
order that it should 
be so the field cut by 
each armature coil as 
it revolves should 
vary in a sinoidal 
manner. Badlyshaped 
pole shoes, and the 
effect of the armature 
teeth forming the slots 
in which the winding 
is embedded, interfere 
with the attainment 
of such a condition. 
Fig. 225 illustrates a 
case in point. 

All such wave- 
form curves can be 
analysed into a 
number of superposed sinoidal curves of different frequencies 
and amplitudes, harmonics of the main frequency,— Fig. 226 
representing the component curves for the wave-form in 
Fig. 225. 



Fig. 225. — Compound Wave-Form Curves. 
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In a frequency-meter which acts by resonance each of 
these liarmonics will try to excite its own indicator, but in a. 
frequency-meter 
which balances an 
impedance against a 
non-inductive resist- 
ance it is the mean 
magnetic field created 
by the compound cur- 
rent wave as a whole 
each half oscillation, 
in addition to the fre- 
quency, which is 
effective; and as it can 
be shown that any 
departure of the 
generator voltage from 
a sinoidal wave- form, 
whether peaky or 
square, results for the 

same E.M.S. value of 226. — A Compound Wave-Form analysed, 

the voltage in an in- 
crease in the E.M.S. current and therefore the mean magnetic 
field, on such wave-forms the deflections of an instrument cali- 
brated for sine wave frequencies are likely to read high. 

The Measurement of Spark Frequency, or the Fre- 
quency of Trains of Oscillations. — In the case of a syn- 
chronous disc discharger in sC properly tuned circuit, the disc, 
when viewed by the light of its own sparks, will appear to be 
stationary, and the number of sparks or discharges per second 
will be given by 

r.p.in. of disc X Number of disc studs 

/yj — . J- 


which should be twice the number of cycles of the alternator. 
If the set is not properly tuned, instead of the single discharge 
per stud there may be several irregular discharges per stud, or 
there may be no discharge at all to some of the studs, and the 
disc, when vieweej sparking, will not appear to be stationary. 
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When a plain discharger is used the sparking is always 
more or less irregular, as it depends oil several factors — the 



timing of the condenser- 
charging circuit to the 
frequency of the alter- 
nator, the capacity and in- 
ductance in the discharge 
circuit, and the length of 
the spark gap. • 

As the power in the 
oscillating circuit cannot 
be correctly calculated 
unless the number of 


•Fio. 227.-A Method of obtaining a Tape discharges is 

Record of Spark Frequency. knOWn, Olie of the follow- 

ing methods which record 
the total number of sparks occurring in a given time may 
sometimes prove of use : 

• J. A. Fleming has described a method in which a Morse 
tape (E, Fig. 227) is run at a steady known speed by driving 
and jockey pulleys D, between two spark balls S connected 
to the secondary of a small 
oscillation transformer T 
included in the high-fre- 
quency circuit. The spark 
at S, which occurs every 
time there is a main dis- 
charge, makes a small 
puncture in the tape, or 
else can be made to mark 
it if the tape is first satur- 
ated^ with ferricyanide of ^ . v 

^ . mi • T- Marconi Dictaphone Method 

potassium. The highest of obtaining a Spark Record. 

practical speed for a paper 

tape is about 17 feet per minute, and if at this speed the spark 
marks are spaced ^th inch apart the spark frequency will be 
54*4 per second, which is quite a low figure in practice, so that 
the method only has a limited applici^tion. 

In the Marconi dictaphone method (Fig.^ 228) S is any 
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spark discharger giving an audible note, and D a dictaphone 
the cylinder of which is running at a high speed. A trunjpet 
placed near the spark is fitted to the vibrating disc and 
style of the recorder. Then every spark will make an im- 
pression on the wax cylinder, the speed* of revolution of ^hich 
must be noted. Having obtained a record, the cylinder is run 
again at a low speed, a transcriber with telephone replaces 
the recorder, and the number of > sparlJ impressions is counted. 
The spark frequency is then given by 

^ __ Spark impressions per second x Recording speed 
Transcribing speed 

The diameter of the wax cylinder is 2f". It can be run 
satisfactorily up to 1000 r.p.m. If the spark impressions are 
-jl^-th" apart at this speed, the spark frequency will be 2000 per 
second. This arrangement, therefore, will cover all working 
frequencies. 

Fleming’s photographic method is illustrated in Fig. 229. 
The image of the spark S passes through, and is concentrated 
by, the rectilinear camera 
lense L' on to the four-sided 
revolving mirror M, which 
is driven by clockwork W 
in the blackened and light- 
tight box B. The focus of 
the spark image reflected 
from the mirror is at X, 
where a sensitised plate P 
falls in front of a slit Z. 

Four series of spark images 
per revolution of the mirror 
are thrown on the plate, 
which by its fall down the slide prevents them superposing. The 
complete series of sparks which occurs during the time of one 
revolution of the mirror is not recorded by this method, only 
the sparks during four short equi-spaced intervals in that time. 
It allows, however, good average countings to be made. 
Fig. 230 shows the type of spark record made on the 
sensitised plate.# If R is the distance in inches between the 
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mirror axis and the plate, the rate of movement of the 
focussed ray at P will be 2 x mirror speed in r.p.ni. x 2 tt E, 
and if d is the mean distance between 
spark images on P, then the spark frequency 
per*second— 

__ 2 X Mirror speed in r.p.m. x 27rE 
, X 60 

* c 

The four sides of the mirror are useful 
simply to provide more images, their number 
does not come into the expression for spark 
frequency. 

If E=15", d — and mirror speed 
= 20 r.p.m., then ^= 1005 sparks per 



Fig. 230. — Diagraiuillus- 
tratiiig the Type of 
Record obtained with 


Fleming Photographic 
Counter. SeCOnO 


The Measurement of Oscillation Fre- 
quency. — Each spark discharge in a circuit containing capacity 

/4L 

C 


C, and inductance L, in which the ratio 




is 


greater than 


the resistance E, has an oscillatory character; the condenser 
charge surging backwards and forwards across the spark gap 
and along the conductors from one side of the condenser 
dielectric to the other. 

To count the number of oscillations in a single discharge 
or spark train requires a refinement of method in advance of 
any counting process yet discusse^. Instead of dealing with 
phenomena which recur, say a few hundred times per second, 
the oscillations in each spark group may recur several million 
times per second. 

Each spark image must be spread out as much as possible, 
so that its oscillatory character, as shown by rapid variations 
in brightness giving it a banded appearance, can be examined 
without difficulty. Clearly a photographic method is likely 
to give best results. 

The spark counter designed by the National Physical 
Laboratory is illustrated in Fig. 231. An identical instrument 
made by E. W. Paul is used by the Marconi Company. It 
consists essentially of a long Y-shaped camera C, having a 
rotating mirror M at the junction of its t'wo sections, the 
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sparking electrodes S at the end of one of the sections, and 
a slide P — which moves in front of a slot and takes a groimd- 
glass screen or falling photographic plate — at the end of the 
other ; the complete apparatus being mounted for rigidity on 
a heavy stone slab, T. The mirror* is belt 'driven by an 
independent motor, and rotates on a vertical axis. It is fitted 
with a heavy fly-wheel and carefully balanced so that it can 
run with perfect safety at high speedb^ up to 5000 r.p.m. It 
is concave and has a focus at about two metres, the slide to 
take the plate being adjusted to the correct distance while 
the mirror is revolving at the working speed and the gap is 
sparking, using the ground-glass screen. The instrument spark 



Fm. 231. — The Campbell -Paul Photographic Spark Counter. 


gap is connected in the external high-frequency discharge 
circuit, and may either itself be the main spark gap, or else 
it may be used as an auxiliary gap in series with the main 
spark gap. The electrodes are of cadmium, a metal which 
gives a spark strong in actinic rays. 

The speed of the mirror must be kept dead constant, and 
must be measured with a high degree of accuracy. 

CampbeU’s method makes use of a small commutator A, 
mounted on the mirror shaft, which allows a condenser to be 
charged and discharged in a Maxwell bridge circuit (Fig. 232). 
The bridge is balanced in the usual way so that the galvano- 
meter gives no 'deflection. If then the speed of the mirror 
M varies, the balance is upset. It is maintained by using an 
adjustable breajf on the mirror shaft. Knowing the capacity 
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of the condenser K, and the resistance of the bridge arms, the 
frequency of interruption of the charging current which gives 

a balance, and therefore 
the speed of the mirror, 
can be accurately calcu- 
lated. 

Alternatively, the com- 
mutator can be used to 
interrupt a suitable supply 
to a frequency meter, and 
the mirror speed can thus 

Fio. 232.-The Campbell Device for indicating obtained direct. But 
Constancy of Mirror Speed. the range of the speed 

< which can be measured 

in this way is limited, also it can seldom be measured closer 
than ^ per cent. 

The Marconi test room practice is therefore to use a 



Fig. 233. — The Ms^coni Method for insuring Accuracy in the Measurement 
of Mirror Speed. 


Drysdale roller stroboscope and tuning-fork (Fig. 233), which 
can cover the whole practical range of speed with an accuracy 
within O'l per cent. A . horizontal stroboscopic disc D is 
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fixed on tl\e end ' of the mirror shaft, and its image is viewed 
in a plain reflecting mirror, inclined 45'' above it, through .the 
slits in a disc rolling on a cone which is driven at a constant 
speed by the small A.O. motor M. 

The motor consists of a simple elfectromaghet T, and an 
armature which is a plain, soft -iron, toothed disc. The 
magnet winding is either fed from a suitable A.C. supply of 
known frequency, or, as in the 5 )reseflt case, by a D.C. supply 
interrupted a definite number of times per second by the 
vibration of the tuning-fork K. The armature is run up to 
speed by a geared hand-drive. As it revolves the alternating 
or intermittent current through the magnet winding causes a 
magnetic pull on the teeth, either twice per A.C. cycle or 
once per D.C, impulse, and the disc finally settles down. to 
that steady speed which is synchronous with the supply, just 
as a pendulum which is required to maintain a steady swing 
must have a time of vibration which synchronises with the 
impulses which supply it with energy. 

A tuning-fork interrupting the D.C. supply to the electre- 
magnet 100 times per second, or a 50 -cycle A.C. supply, will 
cause the cone to run at a speed of 1000 r.p.m. 

Thus, when the oscillatory circuit under test is sparking 
at S (Fig. 231), and the image of the spark is brought to a 
focus on the ground - glass screen at P, by adjusting the 
distance of S from M ; when the speed of the mirror has 
been increased until the image of each spark train caught on 
the screen is spread out to a width which clearly shows up 
the individual sparks in the train — a width of from 1" to 3" 
or 4" — then a dark slide with photographic plate is inserted 
in the carrier at P, and the spark groups are photographed 
by sliding it over the aperture at a slow and uniform speed. 

Fig. 234 is a half- size reproduction of spark trains 
having oscillation frequencies of 18,790 per second, 35,375 
per second, and 137,600 per second, calculated from the 
foUowing tabulated values and the formulas used with the 
Fleming spark counter (p. 236), and the Drysdale roller 
stroboscope (p. 226), two sparks occurring for each complete 
oscillation. 
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photo- mirror to taoce between setting uf in stationary f'r^fuency 

grapiv plate R. sparks (L roller disc. star. mirror. Piequenty. 

a 202 cm. 0-84 cm. 1000 r.p.m. 87% 6 7 746 3‘758xl0^ 

b ,, 0-25 „ „ 90-5% „ 13 418 7-075x104 

C „ 0-179,, „ 97% „ 5 1164 2-752 xlO^i 

In one trtiin 21 bparks can be counted, in another 8. 
One must not however conclude that all the sparks which 

occur are photo- 
graphed. Some are 
too weak to affect 
the plate. The num- 
ber recorded is influ- 
enced by the nature 
of the electrode 
metal, the state of 
the electrode surface, 
and the power in the 
spark. 

The Measure- 
ment of Wave- 
Length. — The elec- 
tromagnetic field 
travels through space 
at the speed of light 
— that is, with a 
velocity of 3x10^^ 
centimetres per 
^ ' second. If this field 

Fjg. ‘234. — A ifalf-Size Reproiluctioii of three Spark i T * 

Photographs, the Oscillation Frequencies being nas a riiyiniUlC Vari- 
18,790 per sec., 35,375 per sec., and 137,600 able character, its 

oscillations having 

a known frequency per second, and we divide the distance 
covered by the frequency, we get the distance travelled by 
one to-and-fro impulse which is called the wave-length X, and 
is generally stated in metres — 

__3xl0®_ 

metres ^ \r hrnhys. ^ ^mfds. 



2!80 MTS 

ZIttQ MT S. 


. ‘234. — A ifalf-Size Reproduction of three Spark 
Photographs, the Oscillation Frequencies being 
18,790 per sec., 35,375 per sec., and 137,600 
per sec. 


Electromagnetic waves travel .along tliin straight wires 
with free ends, or along two parallel wires which are close 
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together, at as nearly as possible the same speed as through 
free space, the only difference in velocity occurring at 4he 
extreme ends of the wires, where the capacity per unit of 
length increases and the speed in consequence is slightly less ; 
but along all other paths, through dieFectric or' along induct- 
ive winding, their speed is appreciably less, and for the same 
frequency the wave-length is shorter than in free space to a 
degree which depends on the capacity, inductance, and resist- 
ance of the path. 

In any oscillatory circuit, then, we convey no useful 
meaning by referring simply to the wave-length of the oscil- 
lation measured against the linear dimensions of that circuit, 
but we do convey a useful meaning if we refer to its frequency 
of oscillation, or to the wave-length which corresponds to tliis 
frequency in free space — that is, the wave-length with reference 
to a fixed standard velocity of propagation. 

. The simplest method to measure wave-length direct accord- 
ing to this standard is, to use the oscillatory circuit under 
test to excite stationary waves on a thin straight wire whioh 
is varied in length until it is brought into a condition of 
resonance; the points of maximum and minimum oscillation 
then provide definitely recognisable phase positions, separated 
by a known fraction of a wave-length which can be carefully 
measured. 

There are many forms of circuit used for applying this 
principle due to Lodge, Hertz, Blondlot, and others, which 
are all loosely classified as Lecher Wire*' circuits. Such a 
circuit will be found useful for the measurement of wave- 
length up to about 3000 metres. For higher values it is 
unwieldy, and for wave-lengths of the order of 20,000 metres 
the size of the circuit required makes it impracticable. 

But it is not possible in the majority of cases, nor is it at 
all convenient, to erect a calibrating circuit of this nature. 
Some form of portable instrument having a wide range of 
adjustment is required, and this necessity has produced the 
commercial wave-meter as we now know it. 

It consists essentially of *an inductance coil connected 
across an adjustable condenser, in combination with some 
form of detectqr which indicates when that setting of the 

R 
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adjustable condenser has been reached which gives resonance 
with the impulsing circuit under test. The wave-meter may 
be calibrated from a Lecher wire circuit as follows : 

First, for very short wave-lengths. 

Set up a' horizontal thin looped wire say of No. 20 
S.W.G. bare copper (ABD, Fig. 235), on a number of posts 

which support it on 
insulators, with a 
minimum of sag, about 



Fig. 235. 


-The Excitation of a “ Lecher Wire ” 
Circuit. 


near together. 


one metre above the 
ground, and in a space 
as free as possible from 
other conductors. The 
two parts of the loop 
should be parallel and 
Make AB, for instance, 60 metres, and the 
distance between AB and BD 7*5 centimetres. Then excite 
the loop by an inductive loose coupling with the oscillating 
circuit CL at the point B. Bridge the loop by the neon 
tube N and move it backwards and forwards by the insulat- 
ing handle H, to discover by means of the glow the posi- 
tions of maximum and minimum potential. The loop wi.’es 
should make contact preferably witli tinfoil wrapped round 
the ends of the tube, but not . ^ 

touching the electrodes, the ^ f < ■ t ■ . > ; t /? 

middle of the tube being left free. 

Adjust the circuit CL until 




the neon tube shows that the fio. 236.-1118 Wire oscillating at 
oscillation in the loop ABD its first Harmonic, 

is that of its first harmonic, 

maximum glow being obtained at the position AD and again 
at about two-thirds the length of AB at EF, Fig. 236. This 
will occur when the circuit CL is still a long way out of tune 
with the harmonic, as AD starts' oscillating through impulse, 
and CL must be further adjusted to bring it into complete 
resonance, the distance the neon tube can be moved from EF 
towards AD before the glow * disappears, steadily increasing 
as this condition is approached. 

It is not easy to tell which is the position EF of maximum 
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glow, but the position G at which the glow disappears when 
the tube is moved towards AD, and the position K wher^ it 
reappears again on approaching still nearer to AD, are very 
distinct, so that M, the position of minimum potential, can 
safely be taken to be midway between G and K; The distance 
MB is then measured to give the half wave-length. 

The calibrating circuit thus being set for a given wave- 
length — in the present case SO metres — the wave-meter W, 
Fig. 237, is brought up to it at the position M, which is 
well away from the ex- 
citing circuit CL, the 
wave-meter condenser is 
adjusted to that position 
which gives loudest sig- 
nals in the telephone — 
or largest ammeter de- 
flection if such an in- 
strument is included in 
the circuit — and this condenser scale position is then tabulated 
against the wave-length as measured from the Lecher wire ABD. 

By i:epeating the above operation for many different lengths 
of the loop wire, each time re-tuning to first the exciting 
circuit CL and finally the wave-meter, a sufficient number of 
connected values of condenser scale-reading and wave-length 
can be obtained for a calibration curve to be drawn for the 
instrument. 

It should be possible with the wave-meter to detect also 
some of the higher harmonics in the circuit ABD, much weaker 
than the main oscillation but strong enough to be useful for 
checking the wave-meter on the very short waves, if the order 
of each harmonic — which must be an odd multiple 3, 5, 7, 9, 
etc., times the frequency of the fundamental of the circuit 
ABD — can be recognised. 

One may place the practical limit of application of the 
above method, due to the spreading out of the circuit, at about 
300 metres wave-length. 

From 300 metres to 1500 metres the same circuit ABD 
with impulsing circuit CL can be used, but owing to limitation 
of space it may^be found more convenient to excite the loop 



Fig. 237. — The Calibration of a Wave- Meter 
from a Lecher Wire. 
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with its fundamental frequency. The harmonics will then be 
much stronger, and the end effect of the wires will introduce 
error, but the longer the wire the less the damping and there- 
fore the sharper the tuning, and the less the proportional error 
due to the end effect. • 

Wave-length calibration from 1000 metres to 3000 metres 
can very well be done with small error, using the simple circuit 
shown in Fig. 238, whicif conskts of two thin parallel horizontal 

wires of equal length sup- 
ported on insulators as 
before, about one metre 
above ground and a few 
centimetres apart, and 
excited by an induction 
coil, sparking from one 
to the other plain aerial 
fashion. The wave-length 
can be taken as being four times the length of either wire 
n^easured from spark gap to free end. 

But above 1500 metres the absolute measurement of wave- 
length and the calibration of wave-meters can best be done 
by means of an inverse, or frequency method. ^ 

Thus if the oscillating circuit is connected to the spark 
discharger at S, Fig. 231, and we photograph the sparks in 
the manner already described, p. 236, and count the number 
per second, n, the number of complete oscillations per second 
will be half this value, and if we divide the figure for the 
speed of light by the number of oscillations per second we 
shall obtain the wave-length in metres, or 

^ __6xl0^ 
n 


.^J UmTTTTrrn-fnTITIfllllfFlTflllllllllf] 


E/?RTH 

Fig. 238. — The Wire oscillating at its 
fundamental Frequency, 




The wave-lengths corresponding to the spark frequencies 
given in the last table are as follows : 


Spark Frequency. 

3-758 X 10‘ 

7-075 X 10^ 

2-752 X 10* 

The greater the wave-length 


Wave-length. 

15,970 metres 
8,480 „ 

2.180 „ 

the easier t it becomes to 
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measure it by the spark-counting method, and values such as 
40,000 metres, the longest wave-length yet used by the Marconi 
Company, therefore present no special difficulty. 

Then for short wave-lengths tlie absolute calibration of 

* wave-meters is best 






EXCITING 

CIRCUIT 


*PICK-Uf^ 

COIL 



RECEIVER 


done by means of 
a Lecher wire circuit, 
and for long wave- 
lengths by inductive 
coupling to the os- 
cillating circuit of a 
spark counter. 

For general calibration work in the test room it is usual 
to provide one or more buzzer oscillating circuits, each com- 
prising a set of standard inductance coils, a standard adjustable 
condenser, and a shunted buzzer, which can be assembled as 


Fio. 239. — The Use of a Buzzer Oscillating Circuit 
for Calibration Purposes. 



Fia. 240. — The Marconi Tuning Tester. 


shown in Fig. 239, for calibrating wave-meters and receivers 
over a wide range, each such circuit having originally been 
calibrated in wave-lengths by one of the absolute methods 
already described. 

The, Tuning Tester, shown in Fig. 240, is a calibrated 
adjustable' oscillatory circuit, L 1 L. 2 C, provided with a crystal 
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detector, X, and telephone, T, so that the instrument can be 
used as a wave-meter, and a dry cell battery with shunted 
buzzer, B, so that it can be used for exciting and calibrating 
receiver circuits, the necessary change of connections being 
made by means of the switch S^. The switch alters the 
range. f 

When two oscillating circuits which separately tune to 
the same wave-length, \, are 6oupled together, they will each 
tune to two wave-lengths \ and Xg* corresponding to the effective 
inductance values L(I — and L(I + ^’) of each circuit. If 
n, Fig. 241, is the frequency of each circuit taken separately, 




Fig. 241. — The Two Frequencies due to Tight Coupling. 


and 71^ and n 2 the coupled frequencies, the resultant wave-form 
will have the irregular character shown by the curve + Tig- 

The maxima of the curve rise and fall in a periodic manner, 
thus superposing a "‘beat” frequency on the oscillation 
frequency. The number of beats per second — 

B = Til — ^2- 

It is obvious that the spark counter cannot differentiate 
between the two oscillation frequencies, but a spark will occur 
whenever the potential is high enough to bridge the gap. 

The effect of coupling is therefore to produce irregular 
sparking. With tight coupling a group of sparks will pass 
when the amplitudes of the two waves coincide, and the number 
will decrease to none when the two waves are 180° out of 
phase. 
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If the photograph fails to separate the individual spark im- 
pressions of each half-oscillation dis- 
charge, it will at least indicate differ- 
ence in amplitude by a difference 
in intensity of the spark images. 

But a simple wave-meter cir- 
cuit, very loosely coupled to the 
oscillating circuit, working ,by 
resonance, will pick out the indi- 
vidual wave - lengths — providing 
the difference between them is not 
too small and their damping not 
too great- 
curves, Fig. 242, the single hump 

curve indicating by its peak the natural wave-length of either 
circuit alone, the double hump curve the two wave-lengths 
of the coupled circuit. 



Wavelength 


Fig. 242. — The Tight Coupling 
-as shown by the tuning Curve obtained with a Wave-Meter. 



CHAPTER XII 

THE MEASUKEMENT OF DIELECTRIC STRENGTH 

The Factors which determine the Dielectric Strength of a material. — The 
Effect of TVave-Form. — High Frequency best for testing Surface., Low 
Frequency for testing through the Thickness. — Dielectric Hysteresis . — 
The Measure of Dielectric Strength. — Tests for Raw Materials. — Paints 
Und Varnishes. — The Regulation of the Testing Potential. — Paper, 
Mica, etc. — The Prevention of Brush Discharge from the edge of the 
Testing Electrodes. — The N.P.L. Dielectric Strength test for Ebonite . — 
Glass Plate Testing. — Spark Voltages. — The Electrostatic Field between 
Electrodes of different shapes. — Tube Dielectrics. — Oil Dielectrics. — The 
Digby Oil Tester. — Table of Dielectric Strengths. — The Testing of 
Finished Apparatus. — The Duration of the “ Pressure ” Test. — Standard 
Tests. — For Generators and Motors. — For Transformers. — Windings 
subjected to both L.F. and H.F. Potential Strains. — The Testing of 
Condensers. — The most efficient form of Condenser has the Conductors 
embedded in the Dielectric. — The breakdown of Composite Dielectrics . — 
The RendahV^ Condenser Plate. — To remove Moisture from Oil. — The 
Testing Voltage best obtained from a source of Power. — The Conditions 
of Service of a Block Condenser in a Transmitting Aerial Circuit. — An 
H.F. and H.T. Testing Circuit. — The Maximum Testing Voltage 
of the Circuit. — The Power requiredtfor H.T. J'esting. — Aerial In- 
sulators. — The Z-ft. Flexible” Type. — The Z-ft. Turnbull” Type . — 
The “ Walnut” Stay Insulator. — The ^^Semi-Flexible” Stay Insulator . — 
The Stress in Insulating Bushings. — The Use of a Guard Point. — The 
Use of Guard Plates. — A Correctly-designed Bush Insulator. — The 
Effect of Corrugation on Surface Insulation. 

» The Measurement of Dielectric Strength. — The dielectric 
which separates two conductors, whether in a condenser or 
acting as a simple insulator, is subject to electric strain pro- 
portional to (1) the maximum potential difference between 
the conductors, (2) the intensity of the electric field which 
depends on the shape of the conductors, (3) the frequency 
of the rise and fall of the field, and (4) the length of time 
it is applied. 


248 
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The dielectric may break down or disintegrate, due to the 
application of a momentary excessive voltage, or to a lower 
voltage applied for a longer time, or to a still lower voltage 
applied and removed, or applied first in one direction and then 
reversed many times per second. * 

Every time the dielectric receives a charge, there is a 
tendency towards molecular movement in it which is relieved 
on discharge; but if the cha/ges succeed each other with 
sufficient frequency the molecular movement grows ancf causes 
heat, which, if it cannot be dissipated as quickly as it develops, 
encourages further molecular movement, and the disruptive 
strength is lowered in consequence. 

The Effect of Wave-Form. — Fig. 243 shows the wave- 



forms of four different testpg voltages which, although they 
each have the same maximum value, will exert very different 
strains on the material under test. With a constant D.C. 
supply (a), a change in molecular orientation takes place only 
at the moment when the charge is applied, and breakdown 
will be due solely to the potential. Curve (6) represents the 
rippled wave-form of a high-tension D.C. machine. In addition 
to the strain due to the maximum voltage there will be a 
periodic change in orientation of the molecules proportional 
to the depth of the ripple, which will tend to weaken the 
dielectric by the generation of heat. 

With an alternating current supply the potential wave- 
form has the character shown in (c). The loss by heat is 
now increased io a maximum per cycle due to a complete 
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reversal of the charging voltage. It is clear that the total 
heajt generated per second will be in direct relation to the 
frequency of the reversals per second. 

Finally, (d) shows the potential wave-form due to an 
induction coil.* In the'first place the maximum potentials occur 
on the break of the circuit, and owing to the rapid fall in 
amplitude the maxima above zero are greater than the maxima 
below, so that the greatest strain will always be applied to the 
dielectric by a charge of the same sign. Whether the positive 
half of the cycle reaches the highest value or the negative, 
depends simply on the circuit connections. In the second 
place, heating occurs due to reversal of charge, but as it 
depends on the square of the R.M.S. value of the voltage, 
which is low compared with the maximum, or when compared 
with the R.M.S. value for a sinoidal wave-form as shown in 
(c), the weakening of the dielectric due to heating is of 
correspondingly less importance. 

And in the third place, the small amount of energy which 
i» available at the maximum voltage — as shown by the peakiness 
of the curve which indicates the short time it lasts — may 
be responsible either for erratic values of breakdown voltage, 
or for the dielectric withstanding a higher maximum voltage 
than it would do for a sine wave supply. 

For it has been shown by Steinmetz and others, that 
before failure occurs the dielectric absorbs energy from the 
charging current, and disruption will only take place if there 
is still sufficient energy left after this absorption to bring 
it about. This applies particularly to the dielectric strain 
imposed on insulators by high-frequency currents. If the cur- 
rents are only momentary the potential may. reach a maximum 
value many times the normal disruptive voltage without the 
dielectric breaking down, as each individual charge lasts such 
a short time that it is unable to thoroughly penetrate the 
dielectric before it is removed and reversed. If such currents 
are not momentary they generate a large amount of heat, on, 
and just below, the surface of the dielectric, which weakens 
it and finally leads to puncture. 

Then the best test for the surface of an insulator is 
obtained by using high frequency, and the^ most thorough 
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test for the dielectric strength through the material by using 
low freq^uency. 

Dielectric Hysteresis and Dielectric Strength. — The 

quality whereby energy is absorbed in the dielectric from the 
electric charge and degenerated into heat, ’ is known as 
dielectric hysteresis,’’ and has the nature of a resistance. 

Owing to the dependence of dielectric strength on the 
conditions of working as stated above,’ it is necessary to devise 
conditions of test which shall bear a close relation to those 
existing in practice. But as the working conditions vary so 
very widely, it is also useful for the purpose of standardisation 
to devise tests under fixed conditions, which can be applied to 
all dielectric and insulating material in the raw state which 
can be classified in the same group. 

Dielectric strength is generally stated in terms of the 
maximum puncture voltage per millimetre or per centimetre 
thickness of the material. The actual thickness tested should 
always be stated, as the disruptive voltage per unit of thickness 
is higher for thin samples than for thick ; and as the size and 
shape of the test electrodes affect the intensity of the 
electrostatic field applied to the dielectric, these particulars 
should also be given. 

Tests for Raw Materials. — Spherical electrodes, which 
localise the breakdown puncture to the point of contact with the 
material, and therefore are more likely to give average values of 
dielectric strength, are much used for comparative tests ; plate 
electrodes, which cover a larger area of the material and cause 
breakdown to occur at the weakest spot, are more likely to 
give minimum values of dielectric strength, and are to be 
preferred for working tests. 

For test purposes materials naturally group according to 
thickness and shape, although they may vary considerably in 
dielectric strength. 

Thus, to apply a working test to a sample paint, or 
varnish, or enamel, a smooth metal plate should be coated 
with the substance, and after being air-dried or baked, as found 
necessary, a puncture test can be carried out between this plate 
and a smooth flat electrode of, say, 2*5 cm. diameter, having 
rounded edges '"^Fig, 244). 
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The testing potential required may be anything from 50 
to 500 volts, which can be applied most conveniently through 
a transformer T, Fig. 245 (a), the secondary winding of which 

is adjustable in steps, while the 
primary is fixed, but the volts 
^ross it can be varied gradu- 
^ n.. m *. TT If ally without jerks by using a 

Dielectric Strength. potentiometer regulator P, for 

adjusting the excitation of the 
alternator A, instead of the more common series regulator. 
This is necessary, as abrupt changes of voltage start oscillation 
effects due to the capacity and inductance in the circuit, 
which add an unknown additional strain to the dielectric. A 



safety fuse Z should be inserted in the testing circuit. 

The alternative circuit shown in Fig. 245 ( 6 ), in which a 
potentiometer regulator is connected direct across the A.C. 
mains, is sometimes r 

used, particularly ““1 \ I 

vdien the approxi- Jc. 1 j ^ J | y 

mate dielectric | \\ g T ji P ' 

strength is unknown ^ z 

and a wide range of 

easily variable test- y. 

ing voltage is there- “1 S ( 1 

fore required. It ^ 

is advantageous to | J | 23''^ J j 

earth the middle ^z • 

point of the testing 

transformer second- 245 . — ^rhe Variable Potential Testing Circuit, 

ary winding if pos- 
sible, in order to ensure that the potential on the two test- 
ing electrodes is equalised. The earthing of one electrode 
would cause the dielectric to break down at a lower voltage. 

Near the point of breakdown — which can be roughly 
ascertained by preliminary test on another sample — the 
voltage should be maintained a stated time, such as one minute 
at each value. Then the volts V measured across the trans- 
former primary, multiplied by the transformer ratio Tr, will 
give the E.M.S. fall of potential through the s, ample, and if a 
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siae wave supply is being used, the maximum potential will be 
1*414 times this value. 

The thickness t of the paint or varnish can be measured 
by gauging the metal plate before and after painting, and the 
disruptive strength D can then be ftund in ' terms of the 
maximum volts per millimetre of thickness of the dielectric for 
the given frequency, or 

V y T,. 

D = 1*414 X i 

^mm. 


Paper, tape, impregnated fabrics, mica, and all sheet 
dielectrics of small thickness may be given a working test 
between smooth, flat metal ^ 

^ ^ 


TT 




Fig. 246.- 


-Flat Electrodes for testing Mica, 
Paper, etc. 


plates of equal area and 
having rounded edges, which 
are set truly over each other 
(Fig. 246). The field of 
electric strain will then 
be parallel and very nearly 
uniform. Thin papers may break down at about 200 volts,* 
impregnated papers at about 1000 volts, mica according to 
thickness up to several thousand volts. In this last case, 
particularly if the mica is thick, the air at the edges of the 
electrodes breaks down in the form of a brush discharge before 
the mica between the centres of the electrodes is punctured, 

and this brush, by heating 
the mica, tends to precipi- 
tate breakdown. Fairer 
and more consistent re- 
sults are therefore obtained 

Fig. 247. --Wax Moylding to prevent Harmful forfnation of the brush 

Brush Discharge. i 

discharge is prevented 
by moulding wax on the test electrodes, leaving only the 
surface applied to the mica clean and bright. Fig. 247. 

The best comparative tests are those which can be carried 
out between spherical electrodes on materials which have con- 
siderable thickness and which can be machined, such as sheets 
of ^-inch :fchick ebonite, bakelite, hightensite, kalanite, stabilite, 
electrose, erinoid, etc. 
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The material under test is carefully recessed on both 
surfaces to the curvature of the electrodes, which are then 
inserted in these recesses so that the nearest points of the two 
metal-testing surfaces are only separated by a distance which 
is small compai’ed with*bhe radius of curvature of the electrodes. 
Thus 5 cm. diameter balls ijiay be used for a testing gap 
of 1 mm. 

This method, which is need at the National Physical 
Laboratory for testing ebonite, has the merit that brushing 
near the actual point of breakdown is avoided, the point of 
breakdown can be localised, the strength of the field at that 
point can be accurately calculated, and it is almost directly 
proportional to the distance between the electrodes. 

• There is a possibility of leakage by brushing extending 

from the electrodes over the edges of small samples, but this 

can be checked by carrying out the 

test under oil (Fig. 248). A small 

film of oil then finds its way between 

the electrodes and the material, but 

its thickness is not sufficient to affect 

the puncture voltage. Materials 

Fig. 248.— a Recessed Ebonite which absorb oil, SUCh aS WOods, 
Plate to take Spherical Electrodes. 

^ asbestos,and asbestos products, should 

not of course be tested under oil. ^ 

But if the insulating material has a grain, such as paper 
board, fibres, pertinax, etc., a curved recess machined in it 
will cause the field at the electrodes to pass partly along 
the grain and partly transverse to it. Such materials should 
not be recessed. Also it must be emphasised that the working 
test for all dielectrics should be carried out with the actual 
thickness used in practice, preferably with flat ^electrodes. 

Materials which cannot be machined, or which can be 
machined only with difficulty, such as slate, marble, stone, 
earthenware, glass, and porcelain, are generally tested with flat 
electrodes. But sometimes the dielectric surface is irregular 
or has a distinct curvature. Then a tinfoil or copper gauze 
pad will make a suitable electrode contact. 

The Marconi working test for glass condenser plates is 
carried out in oil, the glass being inserted between two square 
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pads each consisting of a wooden frame W, covered with stuff S 
for resilience, and faced with very fine mesh copper gauze G, the 
gauze being carried well round the edges of the frame as shown, 
Fig. 249. Connection is made to the pads from a source of 
potential supply, and from the pads tB a potehtial indicator, 
which in this case consists of a 
spark gap of 8 mm. between brass 
balls of 2 cm. diameter (Fig. 26,0). 

The top pad is balanced by a weight 
for easy handling, as it has often 
happened that 1000 plates have 
been tested per day. 

Spark V oltages. — Po ten tials 
of several thousand volts are required for such tests, which are 
often beyond the range of any indicating instrument available. 

However, a larger number of careful tests have been made 
by various investigators at different times to determine the 
breakdown voltage for different spark lerigths in air between 
electrodes of definite shape, and it is now common practice to 
use these tabulated results as given below in conjunction with 

a suitable spark gap, for 
measuring extra high 
potentials. 

To measure voltage by 
the spark method, two 
metal electrodes — which 
may be either needle points, 
a needle point and a disc, or 
two spheres — are mounted 
on an insulating stand, and provided with a micrometer screw 
adjustment for altering the distance between them. Having 
connected these electrodes to the high voltage source, the spark 
is started with a small gap which is gradually increased until 
the spark just fails to pass. Reference is then made to the 
table for the voltSm^x. corresponding to this gap length. 

Thus an 8 mm. spark in air between balls of 2 cm. 
diameter is equivalent to a peak voltage of 26,100 volts. 



5 



G 


Fig. 249. — A Glass Plate Testing 
Pad. 
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Sparking Voltages (Max.) in Air at Atmospheric 
Pressure between Various Electrodes 


r 

Distance. 

Needle c 
Points. 

Needle Point 
and Disc. 

r 

Balls 

2 cm. dia. 

Balls 

5 cm. dia. 

1 mm. 

f 


4,700 


2 . „ 



8,100 


•3 „ 

4,200 


11,400 


4 „ 

6,700 

5,450 

14,500 


5 „ 

7,100 

6,600 

17,500 

18,360 

6 „ 

8,600 

7,800 

20,400 

21,600 

7 „ 

9,600 

8,900 

23,250 

24,540 

8 „ 

10,900 

10,000 

26,100 

27,330 

• 9 „ 

12,000 

11,000 

28,800 

30,090 

10 „ 

13,200 

12,000 

31,300 

32,850 

• li » 

14,300 

13,000 

33,300 

35,680 

12 „ 

15,600 

14,000 

35,500 

38,310 

13 „ 

16,700 

14,960 

37,200 

, 41,010 

14 „ 

17,800 

15,860 

38,700 

43,680 

. 15 „ 

19,000 

16,700 

40,300 

46,230 

16 „ 

20,000 

17,650 

41,300 

48,660 

17 „ 

21,000 

18,900 

43,200 


18 „ 

22,000 

19,750 

44,700 


19 „ 

23,000 

19,950 

46,100 

t 

20 „ 

24,000 

20,750 

47,400 

58,000 

21 „ 

26,000 

21,500 

48,600 


22 „ 

26,000 

22,250 

49,800 


23 „ 

27,000 

23,000 

51,000 


24 „ 

28,000 

23,760 

52,000 


26 „ 

29,000 

24,460 

53,000 


26 „ 

29,900 


54,000 


27 „ 

30,800 


54,900 


28 „ 

31,700 


55,800 


29 „ 

32,600 


56,700 


30 „ 

33,400 


57,500 

77,000 

31 „ 

34,200 


58,300 


32 „ 

35,100 


59,000 


33 „ 

35,900 


69,700 


34 „ 

36,800 


60,400 


35 „ 

37,600 


61,100 


36 „ 

38,500 


61,800 


37 „ 

39,200 


62,400 


38 „ 

39,900 

32,300 

63,000 


39 „ 

40,800 

1 


63,600 
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Sparking Voltages — continued 


Distance. 

Needle 

Points. 

Needle Point 
and Disc. 

Balls 

2 cm. dia. 

Balls 

5 cm^ dia. 

40 mm. 

41,500 


> 64,200 

92,000 

41 „ 

42,300 


64,800 


42 „ 

43,000 

*> 

66,400 


43 „ 

43,700 


66,000 

3 \ 

44 „ 

44,500 


66,600 


46 „ 

45,300 


67,200 


46 „ 

46,000 


67,800 


47 „ 

46,800 

... 

68,300 


48 „ 

47,500 

... 

68,800 


49 „ 

48,200 


69,300 


60 „ 

48,900 

38,000 

69,800 

106,000* 


Distance. 

Needle Points. 

Distance. 

Needle Points. 

1 inch 

29,400 

7 inches 

112,000 

2 inches 

49,600 

8 „ 

124,000 

3 » 

64,600 

9 „ 

136,000 

4 „ 

77,100 

10 „ 

148,000 

6 „ 

88,800 

11 .. 

159,000 

6 „ 

100,300 • 

12 „ 

171,000 


The distribution of the electrostatic field in air between 
electrodes of various shapes is shown in Fig. 251. Air breaks 
down with the lowest potential between a point and a plate, 
and with the highest potential between spherical surfaces of 
very large radius. 

The spark-gap voltages given in the table are correct for 
un-ionised air, and for polished electrodes and new needles. If 
the electrodes are exposed to ultra-violet light or the un- 
screened light of another spark, the dielectric strength of the 
air is lowered. For small gaps the length of the shank of the 
needle electrode from point to support should be many times 
the length of the gap between the points. 

When the i^ark gap is large, say , 4 or 5 inches, and 

s 




268 WIRELE^ TELEGRAPHY AND TELEPHONY 





t:s\ 





spherical electrodes of a radius sufficient to maintain the 
stra;ight line relation between *gap length and puncture 
^ ^ voltage are not 

available, the point 
gap becomes the 
most general form 
of gauge. At such 
distances the differ- 
ences between 
needle-point volt- 
ages and the break- 
down voltages be- 
tween thin blunted 
rods become negli- 
gible, and for rough 
tests and routine 
work it is usual to 
use spark rods with 60'' points (Fig. 252) to obviate the 
ffequerit renewals which would be necessary with needle points. 

The spark gauge should be connected 
with as short leads as possible to the test 
electrodes, but not directly to the charging 
leads. This is necessary because the rate 
of increase of the current charging the 
dielectric under test is likely to be slower 
than the rate of increase of thq current 
charging the smaller capacity of the test 
gap, and unless these currents increase at as nearly as possible 
the same rate, the breakdown voltage at the spark gap will not 


Fig. 251.- 


-Tlie Electrostatic Field iu Air between 
Surfaces of various Shapes, 


\r'\ 
\ I 


Fig. 252. — Spark Rods 
with 60° Points. 



(«) W (c) 

Fig. 253. — The Correct Way to use the Spark Gauge. 


be a true measure of the puncture voltage applied to the 
dielectric. 

Thus in Fig. 253, (a) is the best arrangement, and (6) is 
better than (c). 
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Tube Dielectrics. — Tube dielectrics are generally fitted 
with two split metal cylinders, one being sprung into the 
inside, the other over the outside (Fig. 254 (a)), which cover 
as much of the tube as possible but noj so mu(;h that spark- 
ing takes place over the 
ends. 

While the field be- 
tween the surfaces of such 
cylinders is fairly uni- 
form, it is crowded at the 
edges, which act like a 
series of points, and break- 
down is likely to occur 

, . Fig. 254. — Electrodes for testing Cylinders.'* 

near these edges in con- 
sequence. This intensified strain may be relieved by finishing 
otf the edges of the testing cylinders with a copper gauze 
rope (Fig. 254 (h)), which gives them a curvature without 
robbing them of the flexibility required for making a tight 

spring-on contact 
with the tube sur- 
faces. The field 
through the tube 
dielectric then re- 
sembles the field 





through a plate 
dielectric between 
flat electrodes hav- 
ing rounded edges. 

If the tube is to 
be used in air, the 
test should be 
carried out if pos- 


sible entirely in 

air; but if it has a thick wall — for example — and if 


it is. a material like first-grade ebonite which has a high 
dielectric strength, it will be necessary, in order to avoid 


spark-over, to leave quite a large amount of the surface 
uncovered by the test cylinders. Then it is usual to carry 
out the test wilih one end only in air, the other being 
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immersed in oil, which allows the test cylinders to be brought 
nearer the immersed end. First one end is tested in this 
manner, then the other. 

Kg. 255 (a) shpws the method of connecting the spark 
gap to the cylinders in order that its indication of voltage 
applied to the dielectric may be as true as possible, the inside 
cylinder being connect^ in circuit between the supply trans- 
formenand the spark gap; ahd Fig. 255 (6) the extreme case 
of a leading-in insulator which has a very long central con- 
ductor, and a metal gland and earth plate half-way along its 
length acting as the external conductor. 

Oil Dielectrics. — The dielectric strength of an oil is 
generally tested between electrodes 
which give the lowest disruptive 
voltage for a given gap length, that 
is between a point and a plate which 
has a large diameter compared with 
the oil gap. 

The Digby oil tester (Fig. 256) 
consists of a tall narrow glass jar, 
drilled at the bottom to take the 
shank of a plate electrode which 
passes through an oil gland into a 
FtG. 256.— The Digby Oil Tester, socket^ in the wooden base, and this 

socket connects to the terminal Tj. 
A metal carrier C fitted with a t'^Tminal Tg supports the stem 
of the needle electrode S, and can be clamped at any position 
on the wooden pillar P. A micrometer setting of the oil gap 
can be obtained by turning the milled nut M on the stem S. 

To carry out a test, about 10 oz. of oil are poured into 
the jar, the carrier C is clamped in position, and the two 
terminals are connected to a dry cell and a low reading, 
preferably moving coil, voltmeter. The needle is fed down 
by means of the nut M until it just touches the disc, which 
will be indicated by the voltmeter, and the index of the micro- 
meter scale is then set at zero. The oil gap is now opened a 
definite amount, the micrometer scale giving the true length ; 
the voltmeter auld. cell are disconnected and are replaced by 
the high-tension supply. The voltage of the supply is then 
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varied in the usual manner. Near the point of breakdown no 
brush is apparent, but the liquid becomes agitated, convective 
currents are set up, and finally a discharge passes, when the 
supply voltage and length of the oil ga^ are noted. 

The Dielectric Strengths of Various Materials. — The 
dielectric strengths of a few representative materials in a 
uniform electrostatic field are as follows : — 



Dielectric Strength. 

Material. 

Kilovolts 
(max.) per 
cm. 

Volts per 
*001 inch. 

Comparative 

Values. 

Air ...... 

38 

100 

1 

Asbestos (dry) .... 

30 

... 

0-8 

Hornbeam 

about 60 

• • . 

about 1-3 

Teak 

about 200 


‘about 6 

Red Fibre ..... 


200-400 

2-4 

Plain Paper (best quality) 


700 

7 

Varnished Paper (best quality -002") 


1700 

17 

Empire Cloth ( 01") 


1000 

10 

Glass 

300-600 


8-16 

Porcelain 

300-600 


8-16 

Ebonite . . ... 

460-900 

* . . 

12-24 

Mica 


2800-5600 

28-56 

Transformer Oil . . . \ 

76-150 


2-4 


Air at atmospheric pressure breaks down on D.C. at the 
same voltage as it does on A.C. (max.). Solid dielectrics 
break down on D.C. at 1 to 1*5 times the maximum A.C. 
breakdown voltage for frequencies up to 500 cycles. 

The Testing of Finished Apparatus. — The Duration 
of the “ Pressure ” Test. — Under certain conditions the 
dielectric strength of insulating materials may be permanently 
lowered by applying the testing voltage for too long a time. 

Thus, if the energy absorbed by the dielectric from the 
charge accumulates in the form of heat to such an extent that 
the state of the solid dielectric and its properties are altered ; 
if it softens, or becomes brittle, or chars ; or if there is con- 
tinuous brushing due to air breakdown .on its surface, or ift 
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pockets between layers of materials having different dielectric 
con^itants, such as mica, paper, and tape, which may result in 
local burning, or chemical action; or, finally, if it suffers 
from pure fatigue, then the test has done the material per- 
manent harm. 

As a rule, solid dielectrics chow very little elastic recovery 
from overstrain. ^ 

The^curves Fig. 257 (a) and Fig. 257 (6), given by A. P. M. 
Fleming and E. Johnson,^ show the time of application required 
for voltages of different values to break down the insulation 



Fio. 257. — The Eflfect of Duration of Test on Breakdown Voltage. 


of two types of coils A and B, tested under working conditions. 
A voltage of 31,200 applied for twenty-three minutes, for 
example, produced the same tendency to breakdown as a 
voltage of 45,000 applied for five seconds ; and whereas the 
damage resulting from the five seconds test was found to be 
local, that resulting from the twenty-five minutes test was 
found to be general. 

Then in order to cause least damage to the insulation it is 
considered better to recommend a high pressure applied for a 
short period rather than a lower pressure for a longer period. 

* Imulcitim ai(fd Design of Electrical Winding, 1913. 
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A test duration of one minute is now standard in America 
and in Germany. 

English practice varies considerably. The special high- 
grade insulation requirements of radio work are reflected in 
the specifications of acceptance tests for^generators and trans- 
formers, which ask for pressure tests of five minutes’ and of 
ten minutes* duration. 

Generators and Motors. — To pressure test a D.C. or A.C. 

generator or motor, it should be assembled with all its accessories 
on an earth plate, to which its frame, and the casings of its 
regulators if iron-clad, should make good contact. All its 
windings, field, armature, starter and regulator should be con- 
nected in parallel at as many points as possible. The testing 
voltage should then be applied between the windings and tihe 
earth plate, starting at a low value and gradually increasing 
without jerks to the full pressure at which it is required to be 
maintained for the specified time. At the conclusion of the 
test the voltage should be lowered before breaking circuit. 

The supply pressure should have approximately a sina 
wave form, and, if possible, the same frequency as the 
rated value of the machine, but up to 100 cycles there is no 
objection to a lower frequency being used. It should be 
applied after the machine has had its temperature run and is 
still thoroughly warmed up. , 

If the machine is to work in a hot climate, before pressure 
test its windings should be,^ brouglit up to the temperature 
they are likely to have under running conditions in such a 
climate, either by passing the necessary current through them, 
which is to be preferred, or else by baking. 

With the single exception of induction motors mentioned 
below, the minimum testing pressure for all machines and their 
parts should be 1000 volts r.m.s. Three times the*^ terminal 
pressure should be used for machines rated up to 1000 volts; 
two and a half times the terminal pressure for machines rated 
between 1000 and 2000 volts ; and twice the terminal pressure 
for machines rated at 2000 volts and upwards. 

The wound rotors of A.C. induction motors have low- 
potential, short - circuited windings, which under working 
conditions are siibjected to large changes of current, but no 
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destructive potential increases. The usual pressure test is 
therefore five times the working voltage without any minimum 
limit. Thus the average working potential induced in the 
rotor e of a 5-k.w. induction motor may be about fifty volts, 
and a test voltage of ^50 volts applied between the winding 
and the core would therefore ko considered sufficient. 

Transformers. — The following pressure tests on trans- 
formers are carried out after *they have been run on full load 
for a sufficient length of time for their windings to have 
reached a steady temperature. This may require a three to 
six hours’ run for an air-cooled machine, and six to ten hours* 
run if oil-cooled. 

(1) Between the low tension or primary winding and the 
cote — which should be earthed for this test — the voltage 
applied being, three times the terminal voltage with a minimum 
of 1000 volts. 

(2) Between the high tension or secondary winding, and 
the primary winding and the core. The two ends of the 
Secondary are joined together, and the two ends of the primary 
are joined together, and to the core, and to earth. Three 
times the secondary terminal voltage is then applied between 
the secondary winding and earth. 

(3) Between the sections of the secondary winding, in 

addition to insulation between windings tested by (2). (a) 

Fifty per cent over-volts to be applied to the primary, the 
secondary being open-circuited ; (6^ with normal voltage applied 
to the primary, and the secondary open-circuited, each end of 
the secondary in turn to be momentarily connected, or “ flashed,” 
to earth. 

The above tests, with the exception of the last, are generally 
applied either for five minutes or for ten minutes. 

Tests of long duration are less harmful when the apparatus 
is immersed in oil than when it is in air and subject to the 
weakening effects of brushing. 

Test (2) is not always enforced. 

The Insulation of Windings which carry both L.F. and 
H.F. Currents. — ^Winding insulation which is subjected to, or 
likely to be subjected to, both low and high-frequency potential 
stresses, should be giyen endurance tests undeG* both conditions. 
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As an instance, take the case of the protector chokes, 
and Xg (Fig. 258 (a)), which are inserted in the radio trans- 
mitting circuit between the transformer secondary winding 
and the H.F. primary circuit. As they have to convey the 
L.F. charging current from the transfdrmer to ’ the condenser, 
they must be able to withstand the same L.F. maximum pres- 
sure test to earth which is given to the transformer secondary. 

But, owing to their direct connection with the H.F. circuit, 
they are also subjected to the fluctuations of H.F. potential at the 
points where they 
join this circuit, in 
addition to high- 
frequency potentials 
induced in them by 
indirect coupling. If 
'the chokes are con- 
nected at the dis- 
charger, D, the fluc- 
tuations of H.F. 
potential are least ; if 
at the condenser C, 
they are greatest. The 
induced potentials 
are greatest when the 
coils are in resonance 
with the H.F. primary 
circuit. 

Then these wind- 
ings should be given 
an effective test for dielectric strength under the most severe 
H.F. conditions they are likely to experience in practice, which 
may be carried out as follows. Insert two additional pro- 
tective chokes Lj and having greater impedance than X^ and 
Xg in the charging circuit, and nearest the transformer as shown 
in Fig. 258 (b). Connect X^ and to the H.F. circuit at 
the condenser, and provide them with adjustable spark gaps 
S, and S.. Also insert an adjustable inductance L in the H.F. 
primary circuit. 

The transmitting set should now be sparked, using the full 




Fia. 258. — The Testing of H.F. Protector Chokes. 
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working potential across the transformer, and the H.F. induct- 
ance, should be varied, and the spa^k gaps and altered, 
until the value L required for resonance is found, which gives 
maximum spark lengths at and S 2 . 

Sj and Sg shbuld theft be opened out until no spark passes, 
so that the windings of the coijs and can be examined 
to see whether injurious brushing or sparking takes place 
between the turns, or layers, orcalong the surface. 

The Testing of Condensers. — It is usual to give a less 
rigorous test to the assembled condenser than to the individual 
sheets of dielectric composing it. 

The reasons for this are : 

(1) So as not to overstrain the dielectric by too much 
resting ; 

(2) Because there is a greater risk of surging of the charging 
current in a large condenser than in a small one, owing to the 
tendency of the current to flow to the outside sections first, 
and because all the sheets of dielectric in parallel have not 
th^ same capacity ; 

(3) The heat generated in the dielectric cannot radiate so 
easily from an assembly of many thin sheets as it can from 
a single thin sheet, so that it has more effect in weakening the 
dielectric. 

The most efficient form of condenser is that in which the 
conducting plates are completely embedded in the dielectric. 
Such is the case with air-condensej's and oil-condensers, and 
is closely approached by some glass-condensers which have the 
glass surfaces metallised by a firing process and then electro- 
plated. 

But in most condensers the dielectric is composite. Thus 
the mica condenser is made up of sheets of mica to which the 
conducting plates are fixed by a film of paraffin wax or oil, or 
varnish, or perhaps seceotine. Also the electric field from the 
edges of the conducting plates is partly in air, unless the air 
has been displaced by some other dielectric such as molten 
wax run in round the edges of the condenser. 

The breakdown of the main dielectric — the mica — takes 
plac^ after all the weaker dielectrics — the seceotine, varnish, 
oil, or wax, to name thengi jn their order of weakness — have 
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broken down, and have assisted by the generation of heat and 
chemical action in lowering the dielectric strength of the 
mica. It is the weakening of the material resulting from 
heat generated in this way which is often the sole cause 
of a mica condenser failing, ’ 

The dielectric strength of a mica condenser can be lowered 
by tight clamping, which crushes the dielectric. On the other 
hand a condenser made up of thin shbets of dielectric if used 
on A.C. must not be too loose or else it will '' hum.” 

This is partly an effect of electrostatic forces acting over 
short distances between the ponducting plates, and — for 
voltages above about 300 — partly an effect of ionisation of 
the air imprisoned in the condenser which causes it to 
bombard the dielectric. Any adhesive used in the manu- 
facture of the condenser, such as seccotine or varnish, which, 
as a result of the electric charge, releases gases from the water 
or solvent still contained in it, will be a source of weakness, 
as these gases being ionised will generate heat and disintegra- 
tion by molecular bombardment. - > 

The glass transmitting condenser in oil is another example 
of the use of a composite dielectric. At high voltages the oil 
film between the conducting plate and the glass lowers the 
strength of the condenser, but much less so than the air which 
it is used to displace. > 

The glass is the stronger dielectric and the oil therefore 
fails first — and, it may l^e noted, at a lower voltage than 
would be required for the same thickness tested for breakdown 
with the glass not present, as the higher dielectric constant 
of the glass increases the intensity of the electric field through 
the oil. The breakdown of the oil generates local heat, which 
lowers the dielectric strength of the glass. 

But if the oil is able to circulate, fresh oil flows in to seal 
up each puncture as it occurs, the heat generated is carried 
off by convection currents, and the strength of the glass is 
much less affected. • 

In the ordinary condenser, oil can circulate fairly well 
outside the plates, but very little between the plates. 

Condensers have been constructed, however, which use 
embossed* or dished metal plates, as in the Eendahl design 
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(Fig. 259), which allows good oil circulation near the glass. 
The life of the condenser has thereby been prolonged, but at 
the expense of a reduction in capacity per glass plate, so that 
the question has to be decided whether the gain in dielectric 
strength and in efficieAcy per condenser is worth the loss in 
capacity. 

A glass condenser can be weakened by too tight packing, 
which puts the plates umler mechanical strain. 

A common cause of failure is the presence of moisture, 
which may either be suspended in the oil, or absorbed in the 
glass, or may have been present on the other fittings of the 
condenser when it was first assembled. The suspended, or 



Fig. 259. — The “Rendahl” Condenser Plate. 


absorbed water drops, form a resistance leak at low voltage, 
and decompose under the infiuence of the charge at high 
voltage, causing heat and destructive brushing. 

The best way to dry oil is to bubble hot air through it, 
and the oil should then be heated by some other means to set 
free the air which it has absorbed in the process. 

If the dielectric of the condenser is to receive an effective 
test, there must be sufficient power available behind the testing 
voltage to ensure that the condenser has no appreciable effect 
in altering the voltage wave-form. The absorption of charge 
by the dielectric must not have the effect of lowering the 
maximum voltage. Thus it would require a condenser of 
only a very small capacity, or absorption, to alter the induction 
coil wave-form shown in Fig. 243 (d). 
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A dielectric strength test of a condenser would not be 
complete unless it introduced conditions of strain undej* (1) 
maximum voltage, (2) surging charging current, (3) internal 
loss in the condenser, comparable with such conditions as they 
exist in practice. 

If an over-voltage test is to be given to the condenser, it 
should be applied for only a Wy short time as the dielectric 
heat losses increase as the squfire o^the charging current, and 
therefore as the square of the voltage, and no useful purpose 
is served by unduly weakening the dielectric as a result of 
such increase. A 50 per cent over-voltage test for one minute 
should be sufficient. 

A satisfactory surging test can be made by several times 
abruptly interrupting the normal charging current. livery* 
time the current is started or stopped a surge is invited, the 
more abrupt the stoppage the heavier the surge. 

A transmitting condenser which works on an intermittent 
load in practice, can be given a continuous load run for five 
minutes at the working voltage, in order to find out whetjier 
its dielectric strength is still satisfactory when the dielectric 
is thoroughly warmed up. 

Sometimes a condenser may be subjected to superposed 
potential strains which give a resultant wave-form somewhat 
resembling Fig. 243 (&). , If it is possible to apply a test 
voltage of the same variable character as the working voltage, 
so much the better, but if not, the condenser should be tested 
to show that it can stand a steady potential equivalent to the 
maximum applied, plus a variable potential having an ampli- 
tude, positive and negative, of half the depth of the ripple. 

A more important case is that illustrated in Fig. 260, 
in which the two forms of strain are imposed at different 
times. A block condenser is here inserted in the earth> 
lead of an aerial circuit, to prevent the earthing of the 
negative main of a 1000-volt D.C. machine supplying the arc 
generator A. When the arc is ngt oscillating but is con- 
nected to the supply, is subjected to a steady pressure of 
500 volts to earth. But when the arc is oscillating, as the 
condenser is not intended to shorten the aerial wave, and as 
it is inserted jwhere the aerial current should be greatest, its 
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Fig. 260. — The Condensers in an Arc Circuit. 


capacity must be so large that on maximum aerial current — 
whiph may be 25 amperes, for e^’ample — the potential drop 

across it to earth falls to 
only a few volts. The 
pressure wave applied to 
the condenser then has the 
form of a small amplitude 
H.F. ripple, which will 
create heat losses in the 
condenser proportional 
roughly to the square of 
the depth of the ripple. 
In this case, then, the maximum potential strain is supplied 
^by p.C., but the energy expended due to hysteresis is obtained 
from the H.F. circuit. 

It would clearly be an unfair test to apply an A.C. pressure 
test at 500 volts maximum, and at such a frequency that the 
condenser topk 25 amperes. The pressure and current, if 
applied from independent sources in practice, are best applied 
from similar independent sources during test. 

The condenser presents a more simple case, as the H.F. 
current is responsible for both the maximum potential strain 
and the hysteresis loss. 

The High-Tension and High-Frequency Test. — A high- 
frequency test is particularly effective in searching out all 
surface faults, such 
as cracks or foreign 
bodies in the glaze 
of a porcelain in- 
sulator. 

For tliis pur- 
•pose a circuit such 
as that shown in 
Fig. 261 may be 
used. The insulator 
X under test is one of the aerial leading-in ” type, supported 
at its waist by an earth plate, and having a conductor along 
its axis. A high-tension transformer T charges a condenser 
C, in the primary circuit P, of an oscillation transformer J. 





Fig. 261. — A Circuit for applying a High-Frequency, 
High-Tension Test to an Insulator. 
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When the discharge takes place at G, oscillations of high 
frequency are induced in th^ secondary circuit S, which is con- 
nected to the earth plate and centre rod of the insulator as shown. 

The winding S, and the insulator X, form a circuit having 
inductance and capacity which requii^s to he tuned lo the 
primary circuit P, in order to obtain a testing voltage having 
a single frequency. This is done by making the coupling 
between P and S very weak — ^eithe^ by separating the coils 
widely apart on the same axis, or moving their axeS out of 
the same straight line — and then adjusting the tapping point 
on S until that arrangement is found which gives a maximum 
reading on the hot wire ammeter I, placed in the earth wire. 
The testing voltage applied to the insulator, as shown by the 
point spark gap s, will also then be a maximum for this degree 
of coupling under the given conditions of supply. 

The testing voltage can be controlled over a fairly wide 
range by the regulation available of the power supply, such as 
by adjusting the field current of the alternator, or by some other 
method which alters the potential applied to the transformer 
primary, and further, by tapping off at different numbers of 
turns on the transformer secondary ; and also by altering the 
coupling between the two high-frequency circuits. As the 
coupling is increased, and up to a certain point — the 
optimum” value — the voltage applied to the insulator will 
increase ; beyond this point currents of two distinct frequencies 
become detectable by wave-meter, and the amplitude of the 
potential applied to X, as shown by the test spark gap, then falls. 

The in-tune ” voltage ratio of the oscillation transformer 
T is proportional inversely to the ratio of the capacities in the 
circuits P and S, so that any further increase of testing 
voltage above that given by the optimum coupling and 
maximum potential applied to the primary condenser C can 
be obtained by an increase in the capacity of C. 

This will necessitate a proportional increase in the power 
supply if the potential applied to C js kept constant ; and a 
decrease in the frequency of the testing current if the induct- 
ance of the primary circuit remains unaltered, which will 
make it necessary to increase the number of turns of S to 
obtain resbnanqe. 
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It often happens that an induction coil is used to supply 
the, high voltage necessary for a dielectric strength test, 
instead of a high-frequency supply which would be more 
suitable, because the testing-power available is limited, and 
the ratio of power input to voltage output is much higher 
for the induction coil when the capacity of the insulator under 
test is small y than for any form* of high-frequency circuit. 

The power W supplied to ^he condenser 0 is given by the 
formula* 

W=27rnCVV„,.,, 

where n is the low frequency of the charging current, and 
therefore of the alternator. Then, to obtain high voltages at 
high frequency with minimum power, it is clearly of advantage 
to ‘make n as small as possible. There are several other 
factors in practice which affect the relation between power 
input and testing - spark voltage, such as generator and 
transformer efficiencies at the various supply frequencies, 
loads, and power factors, and the characteristics of the spark 
discharger used in the primary circuit. 

Some comparative test figures are given as a guide in the 
following tables : — 

C = *01 mfd. A — 220 metres. Capacity of insulator X = 0*000035 
mfd. Jigger couplings 8%. 


Testing 
Supply. Spark 
at S. 

60 fu 2" 

4" 

6" 

Current in 
Insulator 
Circuit T. 

0*62 amp. 
0-72 „ 

0-7 „ 

Volts (max.) 

Power ^ark Gap at Condenser 

L 

Kotary non- 6,400 

synchronous (about 18,400 
700 spks. per second) 18,000 

Watts de- 
livered by 
L.P. Trans- 
former T. 

175 

1,045 

1,640 

100 

2" 

0*3 amp. 

Rotary synchronous 

15,000 

250 


4" 

0-5 „ 


19,200 

650 

200 oj 

2" 

0'2 amp. 

Rotary synchronous 

13,500 

220 


4' 

0-46 „ 

)> jj 

16,900 

660 


6" 

0-8 „ 

» >> 

18,000 

1,760 

390 ru 

2 " 

0 1 amp. 

* Rotary synchronous 

11,200 

160 


4" 

0-46 „ 


16,000 

620 


6" 

0-8 „ 


21,100 

2,000 
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10" Induction Coil applied direct to X. 

Testing SpaiA Watts Input to * 

at S. Coil Primary. 

2 " 60 

4 " 70 , 

6 " 90 

The Testing of Aerial linsulators. — The test for a 
porcelain “ leading-in ** insulator of >the type shown in* Fig. 
261 is to first soak it in a saline solution — one handful of 
salt to one pail of water — for two hours, and when it has 
drained for five minutes, to apply a potential of 100,000 
volts (max.) — equivalent to a 6" spark between points — 
between the centre rod and the supporting earth plate, 
intermittently for two minutes, during which time the tube 
of the insulator must show no tendency to puncture, such as 
by localisation of the brushing to one particular spot, nor 
must there be any direct discharge from one electrode to the 
other over the surface. 

The 3 -ft. '‘Flexible” strain insulator (Fig. 262), which is 
used as a mast- 
head aerial sup- 
port, consists of 
a cord core, 
covered with 
rubber and vul- 
canised, and then 

coated with a bitu- 262.— Testing a 3-lt. Flexible " Strain Insulator, 

mastic paint so 

that any moisture which collects on it does not form a con- 
tinuous film, but runs into drops and falls off. 

It is tested for surface insulation by means of a high 
voltage supply, and the testing-handle H, which consists of 
an ebonite T-piece, fitted with an adjustable point-spark gap 
S, as a potential gauge, and two metal plates, I\ and Pg, one 
connected to each spark electrode, which rest on the surface 
of the insulator. The 60° spark points are set 6" apart, and 
the plates 7" apart. 

Having started the spark between the points, the plates 
are applied to the surface of the insulator and moved from 

* T 
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one end of it to the other. During this test the spark must 
not, leave the points for the plates, nor should the brush 
from the plates concentrate on any point on the surface, as 
this indicates an impurity or weakness in the rubber coating 
— particularly* if the point of concentration glows red — which 
will sooner or later burn through. 

The ‘‘ wet ” test of this insulator is carried out as follows. 
The insulator is immersed in a saline solution for one hour, it 
is then 'withdrawn, and allowed to drain for five minutes. > 

The testing-handle is then applied with the spark passing 
between the points, which are set 5'' apart, while the plates 
are 7" apart as before. The plates are moved over the 
surface, and the spark must not take place between them in 
preference to passing between the points. 

The 3-ft. “TurnbulD' strain insulator (Fig. 263), which is 



Fig. 263. — The 3-ft. ‘‘Turnbull’" Strain Insulator. 


also used as a mast-head aerial support, and, like the insulator 
just described, will stand a working load of 15 cwts. — has a 
core C consisting of an evenly wound hank of specially strong 
thread, bound with tape into a single rope, the loop of the 
hank at each end being left open to form an eyelet. 

This core is enclosed in an ebonite tube E, and is sup- 
ported at the eyelets by the pins of the shackles T, which 
form the end fittings of the insulator. .The whole of the 
space in the tube not occupied by the core is filled with 
vaseline, and is made perfectly watertight by means of the 
end sleeves S, packing-washers L, and screw-gland caps B. 
The two ebonite anti-spark ” discs D, which tend to reduce 
brushing, are also useful for reducing the mechanical shock 
on the tube when the insulator falls, such as when the aerial 
is lowered on to the ship's deck. 

This insulator, dry, should stand up to a test-voltage of 
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148,000 volts (max.) — 10" between points — applied inter- 
mittently for one minute between the end shackles. After 
immersion in the standard solution for one hour, and being 
allowed to drain for half an hour, it should be capable of 
withstanding a test- voltage of 100,300 volts (max.) — 6" 
between points — ap- ^ ^ 

plied intermittently * / / / / / 

between the end 
shackles. 

A very necessary 
type of insulator is 
that used in the steel 
guys of masts, and / 
towers, to reduce their / 
power of picking up i 
energy from the radiat- \ 
ing aerial. They are ' 
required to stand a con- 
stant and heavy load 
without mechanical 
fracture, but in the 
event of breakdown 
occurring, the sta;^ must 
still give effective sup- 
port to the mast or 
tower. Usually, they 
are not required to 
provide effective insula- 
tion, wet, for much over 30,000 volts (max.), as the only 
potential strains they have to stand in practice are due 
to induced currents in the steel guy sections. 

The “Walnut” porcelain insulator (Fig. 264 (a)), working 
load 3 tons, belongs to this class, as also does the “ Semi- 
Flexible” porcelain strain insulator (Fig. 264 (h)), working 
load 15 cwts. In both these cases l^ie dielectric is under 
compression. If breakage occurs, the guy loops in Fig. 
264 (a) simply collapse on to each other and remain 
interlocked, or the steel wire strops in Fig. 264 (b) collapse 
and lock on* the plate carried by the centre-bolt. 



0. ii64, — Types of Stay Insulators, showing the 
Electrostatic Fields between the Conductors. 
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Now with these insulators, the effective insulation is that 
of the distance along the surface between the nearest exposed 
parts of the supporting conductors, A arid B, as it requires 
a very much lower voltage to cause spark over — particularly 
on the “ Walrfut ** typb — than to cause electrical breakdown 
through the material. 

Further, the spark -over Voltage for a given length of 
surface is less than wdhld required to bridge a standard 
needle-point air gap of equal length. The reason for this is 
to be found in the capacity of the insulator, which in many 
cases acts so as to lower the dielectric strength, although not 
necessarily to a dangerous degree. ' 

The electrostatic field between A and B (Fig. 264 
does not follow the lay of the surface, but cuts it, and in 
consequence of the higher dielectric constant of the medium, 
the field in the material is much more concentrated than in 
air. In passing through the surface of the insulator there 
is a sharp gradient in the change from one field strength to 
the other, and on the surface the intensity is considerably 
greater than it would be in free air at the same voltage. 
As air breaks down when the field intensity reaches a certain 
definite value, the voltage required to produce this value will 
be much less on the surface of the insulator than well away 
from it. , 

Much of the loss in mast guy insulators is occasioned by 
brushing through the air spaces between the metal strops 
and the surfaces of the grooves in which they lie. If the 
grooves are covered with metal foil making close contact with 
the insulator, the capacity will be somewhat increased, but the 
brushing losses will be very considerably diminished. 

The weakening effect , of capacity in an insulator is well 
illustrated by the following instance : — 

The Dielectric Stress in Insulating Bushings. — Fig. 265 
(a) shows an ebonite bushed terminal fitting for a transformer, 
or transmitting condepser tank, a similar fitting as shown in 
Fig. 265 (6) being used for supporting the electrode carriers of 
the disc discharger (Fig. 43). The ebonite considerably intensi- 
fies the electrostatic field between the metal plate P and the 
rod R, so that in the cylindrical air spacer AB between the 
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collar and the bush it is much above what it would be for the 
same voltage if the ebonite were not there. * 

The air in this space, therefore, tends to break down at a 
lower voltage, particularly at A, where the field is stri)ngest, 
and if the terminal potential is high enough, a brush discharge 
takes place on the ebonite. does not necessarily extend to 
B, but goes on unseen, heating, and finally burning the n^igh- 
bouring surfaces of the collar and the bush, until thg former 
flies to pieces and the latter punctures. The cure for such 
breakdowns is not to make the terminal bushing longer, but 
to increase the size of the hole in the plate so that the wall 
of the bushing can be made thicker ; and also, if possible, to 
displace the film of air, which is the main cause of the trouble. 



(a) (6) 

Fig. 266. — The Electrostatic Field through a Terminal Bushing. 


by coating the bush with , grease, thick oil, or other good 
insulating material. The outside surface of the collar along 
CD, being in a weaker field, is subject to much less strain than 
the outside surface along AB, so that if a spark point S is used 
to protect the bushing, which must necessarily be fitted outside 
CD, the gap between it and the plate should be much less 
than CD. 

The potential difference required to flash over the surface 
of the collar from C to D, or the bush from A to E, is con- 
siderably less than that required to Jump the same distance 
between points in air well away from the ebonite, due to the 
intensification of the electrostatic field as it cuts the air-ebonite 
surface. But if the terminal head is fitted with a large metal 
disc G (Fig. 286 (a)), which well overlaps the ebonite, there 
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will be a considerable reduction in the number of lines of force 
cutting this surface, with consequent relief of surface strain and 
an increase in the flash-over voltage, while from the edge of 
the disc to the plate where the field is uninfluenced by the 



i'lG. 266. — (a) The Electrostatic Strain relieved by fitting Metal Plates to the 
Terminal Ends ; {h) a correctly designed Bushing. 


ebonite the breakdown potential will be practically the same 
as between a point and a disc. 

Fig. 266 (6) shows a design of insulator in which the 
dielectric strength would not be reduced as a result of the high 
specific inductive capacity of the ebonite. This is because the 
insulator is so shaped that the field between the two conductors 
either travels completely through air or completely through 
ebonite so that surface effects do not arise. 

The Effect of Corrugation. Frequently insulators are 
corrugated to increase the amount of their effective surface, 



(a) (b) (c) 

Fig. 267. — The Effect on the Field of corrugating the Surface of an Insulator. 


and thereby their surface insulation. Tlie best form of 
corrugation is that in which the surface described by joining 
together the bases of the conductors and of all the grooves, 
and the surface described by joining together the tops of the 
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corrugations, both correspond with the curvature of the field 
(see Fig. 267 (a)). 

In the case illustrated in Fig. 267 (b) corrugation is 
detrimental to the insulator. Owing to the greater ij}tensity 
of the field in the grooves, breakdown on the surface occurs 
much more readily than on^ a parallel ungrooved surface, which 
in its turn is not so good as one which follows the curvature 
of the field (see Fig. 297 (c)). 
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The Motion of a Pendulum. — When a pendulum is set 
swinging and is then left free to continue its motion, the 
amplitude qf its swing gradually decreases and finally it 
comes to rest. Its motion has been damped by air friction. 
If, as in Fig. 268, a paper band moving at a constant speed 
in the direction of the arrow is placed beneath the swinging 
pendulum, so that a pencil on the bob which can move verti- 
cally in its holder just tbuches the paper, a periodic curve will 
be described as shown, each maximum of which above or below 
the zero line is less than the preceding one, although the time^ 
interval between them remains constant. 

It will be found that the ratio of amplitude of swing in one 

' 280 
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direction to the next in the opposite direction is a constant 
quantity, and this is called 4he “ damping/* 

Thus _^ = D, (1) 

where n is the number of the half swing. 

But the difference between ^iny two succeeding amplitudes 
is not constant ; it is a quantity which decreases in a r^ular 
manner, first quickly, then slow*ly, as the pendulum approaches 
the condition of rest, the change in magnitude being in 



Fig. 268. — The Damping of a Amplitude ; {h) a Logarithmic Curve of 

Pendulum. Amplitude. 

“ geometrical progression,** or following an “ exponential curve ** 
(see Fig 269 If, however, instead of taking the difference 

of two succeeding amplitudes we take the difference of their 
logarithms (Fig, 296 (6)), we do get a constant quantity, and 
this difference is the logarithm of the damping, generally 
known as the '' logarithmic decrement ** or plain decrement/* 

Thus log. A„ - log A..+, = log.^^ = log. J) = d, 

from which ... (2) 

6 being t&e baee of the Napierian logarithms 2*7183. 
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, It may be more convenient sometimes to know what the 
damping is every complete swing, mstead of every half swing ; 
that is, from one amplitude to the next in the same direction, 
or for one complete period. It is clear that the decrement would 
then be twice what it i^ for one half swing or half period. Or 
we may require to know what it is for a quarter period, 
when the decrement wull be half what it is for one half period. 
Sometimes it is the value of the decrement per unit of time 
which is required ; then d = 6T, where 6 is a constant called 
the '' decay factor,” and T is the interval of swing or periodic 
time for which d is measured. 

It is the damping per quarter period which interests us in 
the case of the pendulum, as the loss of energy represented 
by ‘the square of the fall in amplitude must be compen- 
sated every quarter period if the amplitude is to remain 
constant. 

Having determined d from the measurement of two con- 
secutive amplitudes in Fig. 268, and measured A, the amplitude 
oft the first swing, the amplitude A^, which the pendulum would 
have had if its motion had not been damped, can be found as 
follows : 

A - 

— = €^, the damping per quarter period. 

A 

Then 

d 

A^ = A X V ; 

and as it can be shown by the exponential theorem that 

1 very nearly, 

A, = A x(l + 2-3030 ( 3 ) 

where d is now the logarithmic decrement to the base 10 
instead of the Napierian base, and therefore must be multiplied 
by the factor 2*303. 

. If W is the energy which must be given to the pendulum 
every quarter period to replace that lost by air friction, 
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W = a(A„ - Af 

= J(^2-303^y, (4) 

where a is some constant. * 

The ‘‘Throw” of a Ballistic Galvanometer. — Consider 
another case, that of a ballistic galvanometer, where a coil 
having a certain amount of ineytia aifd constrained by a torsion 
spring is mounted in the field of a strong magnet. 

When the momentary discharge current from a condenser 
passes through the coil it receives a mechanical “ kick,” due to 
the reaction of the current and the field, and the first ampli- 
tude or “ throw ” of the coil when suitably corrected is a 
measure of the discharge given by the condenser. 

It is necessary to measure the damping of the coil in order 
to know what correction to apply. 

As it swings it is subject to the damping forces of air 
friction, and the drag due to eddy currents which may be excited 
in the faces of the magnet poles and in its own metal form,er, 
forces which are very nearly proportional in magnitude to the 
angular velocity of the coil, and therefore to the amplitude, so 
that in this case also successive amplitudes plotted against 
time give an exponential curve (Fig. 269 (a)). First note the 
time of, say, 10 
complete swings, 

by direct observa- g f, j I i ^ 

tion of the spot of ^ ^ ^ i .^ ! ^ ! ^ i 

light thrown by I i 1 • 1 1 ! 1 i » i 

4 - 1 ? -1 • \ — * — • — ^ 

the coil mirror on ^ — 

the galvanometer 

scale and set this — Method of finding the Amplitude of the 

T .11 Undamped Throw of a Ballistic Galvanometer. 

down as the ab- 
scissa AB (Fig. 270). Suppose AB is 80 seconds, then T, 
the periodic time, the interval from one maximum deflection 
to the next at the same end cf the scale, will be 8 

seconds. Divide AB into twenty parts, and from each point 
of division draw ordinates alternatively above and below the 
line, on which the galvanometer deflections to right and left 
of the scale zero, taken each four seconds by two observers, 
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can be marked. Then join up the ordinates and we have the 
damping curve of the instrument. ^ 

The decrement, d, per half period, can then be found as in 
the preceding case, from the. ratio of one of the amplitudes to 
the next in the opposite direction. 

Then = U = and log ^ = c?. 

t 

As we require to know what the first amplitude or quarter 
swing would have been without damping, we must use half 
this decrement to find it. 

Thus — “ = A„ = AjX€^ = Ajxfl + 2-303-Y .(5) 

• -^1 \ 2 / 

The Decrement of a Non-Sparking Oscillatory Circuit. — 

The two examples just given illustrate in a more concrete 
manner what occurs in any simple form of non-sparking oscil- 
latory circuit which does not receive a continuous supply of 
energy ; the electrical disturbance gradually dies out, its 
energy being dissipated in heat due to one or more of the 
following causes — conductor resistance, eddy currents, insula- 
tion leakage, and dielectric hysteresis. 

It can be shown that at any moment the energy thus lost 
as heat due to the first two causes is directly proportional 
to the energy at that moment in the circuit, and the “ ampli- 
tude curve” is therefore an exp6nential curve, and if the 
effect of all these causes taken together is considered, the 
amplitude curve is still very nearly an exponential curve. 

The heat energy generated in a D.C. circuit in a time 
t is EI^^, and in an oscillating circuit during one complete period 
T is EPr g T ; while the energy in the magnetic field due to 
the current in one complete period comprising two alternations 
is 2LI*,.„.,.. 

Then EF,^.,T « 2LF,,., 

The ratio of these two energies is a constant, which is the 
measure of the decrement per period due to heat, commonly 
known as the joulean decrement ” and indicated by 
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ET^ E 
^ 2nL’ 


( 6 ) 


where % is the frequency of the circuit, per second. 

The logarithmic decrement of high-frequency <surrents 
is either measured per half period or per complete period, 
the latter being the more general practice owing to its 
greater utility. ^ , 

In the above case li is ^sumed to be constant for all 
values of current, but if a spark gap is included in the circuit 
it is not so. 

The Resistance and Decrement of a Spark. — The resist- 
ance of the spark using 
electrodes of copper, brass, 
or aluminium, the metals 
most used in practice, 
has an inverse and almost 
straight line relation 
with the current, and 
the amplitude curve in 
consequence is almost 
a straight line (Fig. 271). 

The spark decrement d^. 
therefore varies within 
each cycle, and from cycle 
to cycle, gradually increas- 
ing as the oscillation dies 
out. To meet this special 
case, in which the differ- 
ence between two ampli- , , , ^ 

. ^ . Fig. 271.— Amplitude and Decrement Curves 

tudes instead of their ratio of a Spark Current, 

is constant, a term called 

the lineal decrement is often used, denoted by the symbol 
a, such that the amplitude I at a time t is given by 

I = (7) 

When the circuit is sparking the total decrement at any 
instant is — 

d=^d^ + d^, 



( 8 ) 
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and the form of the amplitude curve will depend on the 
relative magnitudes of these two decrements. The ohmic 
resistance of the circuit can be coiitrolled, and dj is therefore 
generally negligible compared with d^. 

As ^measurements ofc decrement can only be made of the 
average value during a complete train of oscillations, this value 
when found for a sparking circuit is not the true decrement of 
this circuit, which is variable, but is the decrement of a circuit 
having the same capacity, inductance, and energy loss, but not 
containing a spark gap. With this limitation understood, it 
can be used for most purposes of calculation, but not for 
plotting the true form of the amplitude curve of the 
sparking circuit. 

The Decrements of Coupled Circuits. — When an oscillat- 
ing circuit is coupled to another circuit having an oscillatory 
character and there is a transfer of energy between them, the 
decrements of the secondary circuit have also to be considered 
relative to the primary oscillations, as it is clear that the 
energy thereby consumed is no longer available for surging 
back again into the primary, or keeping in the combined 
coupled circuit. 

If this secondary circuit is of the “ open '' type having its 
coupling coil connected to an aerial and to earth, its energy 
suffers an additional loss by direct radiation into space. The 
energy radiated is directly proportional to the energy in the 
aerial, so that if the amplitude curve were affected by the 
radiation decrement alone it wofild have an exponential 
character. 

Now it has been pointed out, pp. 68 and 246, that the two 
wave-lengths which result from coupling are due to the reaction 
of the mutual field on the separate inducing and induced fields. 
If each circuit has a decrement, then the maximum strength 
of each field steadily falls, and in consequence the maximum 
strength of the mutual field also falls. If the two circuits 
have the same decrement, then all three fields fall at the same 
rate and the coupling wave-lengths will be the same as if there 
were no decrements. But if one circuit has a higher decrement 
than the other, the amplitude of the mutual field will be subject 
to the mean of the two decrements, and the difference between 
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the frequencies of the coupled waves will be less than if the 
circuits had the same or no decrement. 

The '‘degree of coupling/' K, therefore takes decrement 
into account. 

K^ = A:'_ (9) 

t 

where k is the "coefficient of coupling’' as defined on p.j221. 
In practice K is seldom appreciably different from k 3 

Ineffective ~ L(1TK), (10) 

and the wave-length equations will be 

Xi = — K for the short wave (11) 

and ^2 = 4- K for the long wave, (12) 

where \ is the separate circuit wave-length. If Xj and Xg 
be found from the tuning curve obtained by wave>meter test, 
the degree of coupling is given by 


K = 


X2 — xf 
X2 -b Xf 


(13) 


Coupling is generally expressed as a percentage of the 


maximum. The maximum 
degree of coupling is 1, 
which is equivalent, there- 
fore, to too per cent. 

Fig. 272 shows the 
form of the tuning curves 
for (a) weak, (h) medium, 
and (c) tight coupling. In 
this last case the short 
wave has almost disap- 
peared. 

The short wave oscil- 
lations in the two circuits 



Fig. 272. — Tuning Curves for (a) Weak, 
(6) Medium, and (c) Tight Coupling. 


are almost in step, but the long wave oscillations are almost 
180° out of step. 


If neither Circuit contains a Spark Gap the coupling 
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waves divide the total decrement* in direct proportion to their 
frequencies, and therefore in the inverse ratio to their wave- 
lengths ; also as they have the same initial potential V^, the 
initial current amplitudes are also in direct proportion to the 
frequeficies. • • 

Then if d^y n^y Xi, and Ij are the total decrement, 
frequency, wave-length, and primary or secondary current 
amplitude of the shorter wave in the coupled circuit, and Tig, 
Xg, and dg the total decrement, frequency, wave-length, and 
primary or secondary current amplitude in the coupled circuit 
of the longer wave, then 

^ = ^ = ^ = (14) 

(3?g Tig Xj Ig 

' If X is the wave-length of each circuit previous to coupling, 
dp the total decrement of the primary circuit, and dg the 
total decrement of the secondary circuit, then after coupling 



, d-p “I" d^ X 
^ ~ 2 ^ X/ 

. (15) 

and 


(16) 


2 Xg 


Coupled Circuits which include a Spark Gap — But 

these relations do not hold when one or both circuits contain 
a spark gap. The relative decremSints of the coupling waves 
are not then necessarily proportional to their frequencies, and 
it more often happens that the shokt wave has a lower decre- 
ment than the long wave. 

The primary oscillations may die out before the secondary 
oscillations, in which case the double wave in the secondary 
circuit reverts to a single wave, and special jneans may be used 
for abruptly quenching the primary oscillations with this end 
in view. 

Two typical cases are illustrated in Fig. 273, (a) showing 
the decrements of the oscillations in two loosely coupled 
circuits, there being a spark in the primary; and (6), the 
decrements of the oscillations in two tightly coupled circuits, 
the primary spark being so strongly damped that the primary 
oscillations' die out after a very few swings. 
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The Use of a Tuning' Curve for measuring Decrements. 

— One of the most general methods of measuring decrement is 
to plot a tuning curve for the circuit or circuits under test, 
and then to work out the decrement from its slope. i 

If a wave-meter circuit containing a current-measuring 
device is loosely coupled to an oscillating circuit with which 
it is not in tune, the current induced in the wave-mete^ will 
have the same periodicity as that of the energising circuit. The 
impulse effect of 
this current will 
start a second 
current in the 
wave -meter cir- 
cuit, having a 
periodicity deter- 



mined by the set- 
ting of the wave- 
meter condenser. 
The two currents 
being out of step 
will result in in- 
te^rferences which 
will keep the 
amplitude low, 
just as a series 
of ill-timed blows 
on a pendulum 



Fig. 273. — The Damping of Oscillations in Coupled Cir* 
cuits ; the Primary Circuit being {a) loosely coupled, 
slightly damped ; (6) tight coupled, highly damped. 


will result in 


swings of irregular and small amplitude. But if the two 
circuits are *in tune, energy will be fed into the wave-meter 
circuit at its own periodicity and in phase with its natural 
oscillation, and the amplitude of the current will conse- 
quently increase until the rate at which energy is dissipated 
in the circuit equals the rate at which it is received. Thus at 
resonance there is a marked peak in •the current-wave-length 


curve. 

It is clear that the less the damping in the oscillating 
circuit thd longer will the exciting oscillations continue, and 
the higher the =^esulting current in th§ wave-meter indicator 
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circuit ; also the less the decrement of the wave-meter circuit, 
the ^higher must the current amplitude rise before it reaches 
the critical maximum value at which the incoming and out- 
going p.nergies balance. 

Then the current in the wave-meter circuit depends on— 

(1) The coupling with the oscillating circuit, which for 

• decrement tests should be as loose as possible, care 

being taken to avoid indirect coupling through neigh- 
bouring circuits ; 

(2) The degree of resonance between the measured and 

the measuring circuit ; 

(3) The sum of the decrements of the two circuits; 

and if the best arrangement for the first two conditions is 
obtained and kept constant, it should be possible to establish 
some relation between the current in the measuring circuit 
and the sum of the decrements of the two circuits. , 

This has been done by V. Bjerknes, whose method is as 
fdllows : 

First determine the exact maximum of the tuning curve. 
To do this draw several lines through it near the peak parallel 
to the axis of wave-length, such as ac and df {Yig. 274), and 
bisect them. When all the points of bisection such as h 
and e are joined, they will forrn^ a line W,e,&, which, when 
prolonged in a straight line through the peak to any point Y, 
cuts the curve at the point h, t Then the co-ordinates of 
h fix respectively the resonance wave-length and the 
instrument current at resonance, Ir. 

Now select another wave-length not more than • 5 per 
cent less, nor 5 per cent greater than Xp ; — suppose it has 
exactly 4 per cent difference, the current as given on the 
tuning curve being Ip 

If is the decrement per period of the oscillating circuit, 
and d^ the decrement per period of the wave-meter circuit, 
then it can be shown thkt 



( 17 ) 
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It is usual to obtain an average value of by taking 

the average of the squares of the current values for wave- 
lengths both greater than and^ less than the resonance wave- 
length, and which are an equal amount out of tune ; sucll as In 
and Ini (Fig. 275), for wave-lengths \n and Xm, respectively 



(^6%) (tOO%) 

Fig. i274.-— a Tuning Curve, showing the Fig. 276.-“The Co-ordinates of Wave-Lengths 
Method adopted to find the true Re- 4 per cent less and 4 per cent greater t3an 

sonance Wave-Length. the Resonance Wave-Length. 

4 per cent less than, and 4 per cent greater than Xr, in which 
case in the above formula 

(I^)8^ (In)' + (Im)' . . (18) 

2 

The formula does not apply to current values of wave- 
lengths more than 5 per cent out of tune. 

Another method of finding the decrement d^ -f d^ from the 
tuning curve which must also be mentioned because of its 
simplicity, is as follows : 

First note the resonance wave-length Xr, and the galvano- 
meter current — or the square of the decremeter current — at 
resonance. Next note the wave-lengths Xi and X^, respectively 
greater than and less than Xr, at which the galvanometer 
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cu^’rent — or the square of the decremeter current— falls to 
half the resonance value; then the ^ last term in equation (17) 
becomes unity, and it can be shown that 

^ + = . . (19) 

Here again for the equation to be true, Xj and must not 
differ from X^ by more th^m 5 ger cent. 

Marcbni Decremeters. — It is essential for the accurate 
measurement of decrements by these methods that the mean 
current in the oscillatory circuit should remain constant while 
the in-tune” and ''out-of-tune” wave-meter mean current 
measurements are being taken. If, as is usually the case, 
fhis cannot be ensured for any length of time, then the next 
best thing is to speed up the taking of the measurements. 

This is provided for in the Marconi Decremeter, which is 
simply a wave-meter so constructed that the natural period 
of its circuit, as set at any value within the ra^e of the 
.adj^istable condenser, can, by means of push-button switches, 
be instantly increased or decreased a fixed amount — 4 per 
cent. The resonance current, and the 4 per cent out-of-tune 
current, as shown by a pointer galvanometer, are noted, and 
c their ratio is referred to a table in the lid for the equivalent 
decrement. ^ 

Fig. 276 is a simplified diagram of the instrument. is 

the main inductance coil 
wherewith it is loosely 
coupled to the oscillating 
circuit ; C is the adjustable 
tuning condenser; H the 
non-induclive heater of the 
thermo-couple E, which is 
in circuit with the galvano- 
meter G, the three parts 
forming the combination 
used for measuring the 
decremeter mean current; 
equal value, for throwing 
the circuit 4 per cent out of tune either below or above the 



c 

Fig; 276 . — A Simplified Diagram of the 
Marconi Decremeter. 


L 2 and L 0 , inductance coils of 
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resonance wave-length by means of the switch S ; and E ^ a 
non-inductive resistance coH which is introduced in the circuit 
by removing the short-circuiting piece v when it is required 
to measure the decrement of the instrument. 

It is clear that if the change of waVe-lengtfi is obtained by 

altering the inductance, the expression 

0 


and this is worked out as a constant for each instrument, 
which we shall call R Also, as the heat developed in 
the thermo-couple heater is proportional to I 2 R, and the 
E.M.F. generated in the thermo couple itself is proportional to , 
the temperature of the junction due to this quantity of Beat, 
the current reading of the galvanometer, Iq, is proportional to 
the square of the mean decrement current. 

Then in place of the expression 


and thus 



we may write 


- 1 


Agr 

Vlai 


4- dg = 27rP 


Agr ___ 

VIgi 


1 


( 20 ) 


A table connecting {d^ + d^ and 



is provided with the 


instrument. 

We have next to separate the decrement of the instrument 
from that of the oscillating circuit. In order to do this, a 
non -inductance resistance, B, is added to the decremeter 
circuit by withdrawing the short-circuiting piece r, which 
alters the decrement of the instrument from d^ to d^+d^. The 
total decrement is then measured as before, when 
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c 

thsn rfg = (cij + rfj + rfg) - (rfi + ^2). (22) 

I^ow it can be shown frour Bjerknes’ equations that if the 
coupling between the two circuits is very weak, and they are 
quite ih tune, then the instrument mean current squared 


Ir — Iqr — 2 Xc 


d^d^di “f* ^2) 


(23) 


where Z' is a factor involving the self and mutual induction 
of the circuits, and the mean potential of the oscillating 
circuit. 

If we alter the instrument decrement from d^ to ^2+^3 
by adding a resistance which is non-inductive so that the 
'inductance values in Z are not affected, and the decrement of 
the primary circuit owing to the weak coupling also remains 
unaffected, we get a new value of instrument mean current 
squared, and (dg + ^3) must be substituted for d^ in the current 
equation thus : 


Ik = laoE = Z X (24) 

d\\d2 d^ ydi -j- c?2 “b ^3/ 

From (23) and (24) it follows that — 

^^2 = ^3 X — 

^GR / ^1+^2 \ 

I 2 GR \^i + + d^) 

and by subtracting this value from the value found by (20) 
we get the decrement of the oscillating circuit alone, rfi. 

The resistance R is wound with fine wire. Its value, 
therefore, does not vary with the frequency, and is given with 
the other constants of the instrument. The decrement due 
to it can be calculated from (6) : 


(25) 

1 


do — 


E 


E, 


'ohms 


2wL 600Ln,i,y,. 


X ^metres U X 


(26) 


Thus U is a for each instrument, which musf be 

multiplied metres to get c?,. This 

calculation pr^^ a check on the value of t^g obcained by 
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the process described above ‘which must be carried through 



Fig. 277. — A View of the Marconi Decremeter. 


L, 

(muDorBw) 


FLExmLE COHHCCnONS 
BEn/EEN BOX /rUD LtD , 


in order that some value of IgR or IgoR may be obtained for 
use in the other equa- 
tions. 

A view of the in- 
strument with its gal- 
vanometer box and 
thermo element fitted 
is shown in Fig. 277, 
and its working dia- 
gram in Fig. 278. 

Its range is from 
1300 metres to 9500 
metres.. 

Lj is the main in- 
ductance on a former 
in the lid, so placed 
for convenience of 
“ picking-up ” from 
the oscillating circuit. 

The condenser consists 
of a part which is 
continuously variable, 

C, and another part 
which is variable in 
steps by plug con- 
nections, 1, 2, 3, 4. 
in Fig. ,276 by the 



Fig. 278. — Cifcuit Diagram of Decremeter with 
Range 1300 Metres to 9600 Metres. 

The keys and are represented 
switch S. Their normal position when 
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the resonance adjustment by condenser is being obtained is as 
shown. Pressing Kj decreases the wave-length 4 per cent by 
removing Lg; pressing Kg increases the wave-length 4 per 
cent by inserting L 3 . 

For simple c wave-l^gth measurements, a carborundum 
crystal in the clip HH, with telephone in the sockets T^Tg, 
is used as a detector; connection being made across only a 



Fig. 279. — Circuit Diagram of Der remeter with Range 
5000 Metres to 30,000 Metres. 


small part of in order to disturb the circuit as little as 
possible. 

The terminals Cp Gg are for the measurement of external 
condenser capacities less than the maximum capacity of the 
decremeter condenser with which the condenser under test 
is placed in parallel. Larger capacities can be measured if 
the condenser is inserted at c, d, the short-circuiting piece 
being removed, thus placing it in series in the circuit. For 
particulars of these methods refer to p. 208. 

The self-induction of a coil can also be measured if it is 
inserted at e, d, s^p. 218, care being taken to, avoid any 
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mutual effect* between the coil under test and the coils of tl^e 
Qstrument. 

The terminals c, d are used for the thermo-couple con- 
nections when tuning curves are to be plotted, or decrements are 
to be found from galvanometer readings, the Isliort-circuiting 
piece, a, 6, being removed to insert the resistance K, when 
testing out the instrument decrement as already described. 

If a suitable ammeter — or any form of current-measuring 
device — were to be inserted direct in the circuit in-place of 
the thermo couple, the decrements would be obtained from the 
ratio of the square of its readings as shown in (17). 

The circuit diagram of a decremeter suitable for working 
on very long wave-lengths — from 5000 metres to 30,000 
metres — is shown in Fig. 279. 

The value of the main inductance — the picking-up coil 
— is about 6400 micro-henrys. It is wound on a square 
former and is separate from the instrument to which it is 
attached by twin flexible leads. The mis-tuning coils Lg and 
Lj, which change the wave-length 4 per cent either way, aye 
mounted in the lid of the box. They are each split in two 
and arranged astatically, so as to neutralise their pick-up 
effects. 

The circuit otherwise resembles that shown in Fig. 278. 

The Damping in the Aerial Circuit. — Energy is lost from 
the aerial circuit and dissipated in heat by — 

(1) The resistance of the aerial conductors. 

(2) The effective resistance of the “earth,” including the 

contact resistance at the earth-plate. 

(3) “ Brushing ” on the conductors and brush leakage at 

insulating supports. 

(4) Dielectric hysteresis in the case of any condenser con- 

nected directly in the circuit, or indirectly subject 
to charge and discharge by the aerial current, such 
as a supporting insulator, having a measurable 
capacity as a condenser. 

(6) The currents induced by the aerial current in neigh- 
bouring conductors, such as the steel mast and 
•steel guys. 
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^ Finally, there is the energy lost from the ^leri^il by electro- 
magiietic radiation. ^ 

The combined action of all these causes creates a damping 
in the aerial circuit which follows very nearly an exponential 
law, just as if it were due entirely to a resistance. The 
“ effective resistance ” of the aerial circuit is that value of non- 
inductive resistance which, when placed in series in a closed 
circuit containing both (Japacitj and inductance equal to that 
of the aerial, gives the same damping. 

The total decrement therefore, has a logarithmic 
character and can be found by one of the methods already 

described. 

Either a “quenched spark’’ 
— that is, one which ceases 
after the first few oscillations 
— should be used in the aerial 
exciting circuit, so that the 
induced oscillations can con- 
tinue subject to the decrement 
of the aerial circuit alone, and 
the total decrement measured, 
only has then to be corrected 
for the decrement of the in- 
strument; or, alternatively, 
a source of continuous waves, 

Fig. 280.-— The Aerial “Eflfective which is to be preferred. 

Resistance Test, f 

The total decrement can 
be calculated if the “eflfective resistance ” of the aerial can be 
measured, by using the formula — 




First measure the eflfective inductance L^ of the aerial as 
described on p. 219, also the effective capacity as de- 
scribed on p. 209. TJaen arrange an jnductance coil and 
condenser having such values, in series with a non-inductive 
resistance R, and switches and Sg (Fig. 280) as a change- 
over circuit for the jigger secondary and aerial ammeter. 
With aerial and earth connected and using either highly 
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damped — quenclied spark — or undamped oscillations in the 
exciting circuit, note the aerial amperes. Next change over 
to the test circuit and adjust R to the value R^ which gives 
the same reading on the ammeter. Then E^ is the elective 
resistance of the aerial. ^ 

Another method, which requires a source of undamped 
oscillations for exciting the aerial circuit, is as follows : 

First measure the aerial current X due to resonance with 
the primary exciting circuit. Next insert a known resistance 
Ri which reduces the aerial current to — 

Then = . . . (28) 

A-1 

It is very difficult, if not impossible, to separate all the 
decrements in the aerial circuit. In a few favourable cases 
the resistance of the aerial conductors can be calculated. 
Also if the resistivity r of the ground can be measured 
— a divided earth, as suggested by J. A. Fleming, will allow 
the resistance to be measured between the two parts from 
which the soil resistance per cubic centimetre can be obtained 
- -and if the capacity of the earth conductors considered 
simply as a free space capacity area can be calculated — the 
value depends considerably on the form of the aerial of which 
it is a part — then the resistance of the earth system can be 
worked out from the formula — 



(29) 


What really is essential, however, is to measure the total 
decrement and measure or calculate the radiation decrement 
d^f as the difference between these two values gives the sum 
of all the true losses, represented by the term d^, which is 
nominally the earth decrement. 

Then d„ = d^ + dj . 

and the efficiency of an aerial will be given by 


( 30 ) 
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* The Radiation Decrement. — The energy radiated from 
an fliprial can be expressed in the form 


W = RJ\ 


(32) 



where the current indicated by an instrument in- 

serted in the aerial near the earthed end. This is similar in 
form to the expression for the energy dissipated in heat by 
resisfence, and the factoi® R^ is therefore called the '' radiation 
resistance.’* Now R, is a composite factor involving the 
radiating qualities of an aerial as defined by its height h 
and natural wave-length and also a correcting factor a 
for the distribution of current through the aerial as determined 
by its shape. 

for in an aerial which is free at one end and earthed 
at the other the distribution of current is not uniform, and 

— therefore the 
radiation cannot 
be uniform. The 
current ampli- 
tude is greatest at 
(c) the earthed end 

Fig. 281. — The Distribution of Current in {a) a Simple but it falls gradu- 

Aerial ; (6) an Aerial loaded with a large Inductance jjllv fn nnfliincr at 

Coil ; (c) the Vertical Part of an Umbrella Aerial. iiuwiiug at 

the free end, and 

the rate of fall differs with the form of the aerial circuit 

Thus in Fig. 281, (a) shows the sinoidal current distribu- 
tion in a simple earthed aerial ; (S) the almost straight line 
current fall along an aerial having a large inductance at the 
earthed end ; and (e) the almost even distribution of current 
along the vertical part of an earthed umbrella aerial. 

Then to calculate the energy radiated from the whole of 
the aerial we must obtain ' a value for the average current, 
which obviously will be different from the r.m.s. current 
measured at the foot of the aerial, and also will be different 
for the three cases mentioned when the r.m.s. current measure- 
ments at the foot of the aerial are identical. 

In (a) the average current will be ~ the instrument current. 

z 

In (b) the average current will be ^ the instr^imeut current. 
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a , • 

In (e) the average current will be practically the same as 
the instrument current. o 

Then W = R 

and R, = l,580a^ (^-Y . (33) 

For a simple earthed aerial such as 



(a) Ii,= 640 



2 

ohms. 


For an earthed aerial with large inductance — 
(b) E. = 395 ' ohms. 

For an earthed umbrella aerial — 


(«) R,= 1,580 




and 


(34’) 



CMAPTEE XIV 


THE MEASUREMENT OF THE PIRECTION, AND THE DISTANCE OF 
TRANSMITTING STATIONS, AND THE INTENSITY OF RECEIVED 
SIGNALS. 

The Directional Effect of certain Aerials, — The Marconi - Bellini - Tosi 
Method of Direction Finding, — As Applied to Ship Stations. — The 
Working Theory. — The Practical Operation of the D.F. Set — Causes of 
Error. — The Distance of the Transmitting Station. — D.F. Land Sets . — 
D.F. Set with Rotary Frame Aerial. — The Measurement of Audibility. 
— Definitions of Audio Current, Audibility, and Audibility Current . — 
The Resistance and Reactance of the Telephone. — Comparative Audi- 
bilities. — The Relation between the Aerial Current Received and the 
Audio Current, — for both Spark and C. W. Signals. 


The Directional Effect of certain Aerials. — An aerial fyee 
at both ends, which has a horizontal length many times 
its height, shows directional effects, signals being received 
strongest in the direction of its length and weakest at right 
angles thereto. 

If the aerial is earthed at one end, strongest signals will 
be received from the direction opposite to that in which the 
free end is pointing. 

An unearthed triangular aerial having a long base line 
compared with its height is similar in its ^behaviour to a free 
horizontal wire, but is somewhat less directional and has a 
greater receiving range. 

If (A) Fig. 282 represents the receiving station, then the 
polar diagrams give tha relative strengths of signals received 
from the different points of the compass for the three types 
shown. 

The Marconi-Bellini-Tosi Method of Direction Finding, 

which has received the widest application bot^h on sea and on 

302 
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land, and which 4n the hands of a capable operator can oftsn 
give direction within a degree, and sometimes within half a 
degree, on board ship makes use of an aerial system which 
consists essentially of two identical loops of wire, insulated 
from each other and also from earth,^and erected in vertical 

planes which are truly at right angles mrrm 

to each other. * t ' /v/ / / //// //////// 

The loops ordinarily take, the * ^ 

form of triangles (see Fig. 283), ^ 

suspended at their apexes by means 
of a special egg-shaped insulator 
from a triatic or other fore-and-aft 
stay, or from a sprit, gaif, or bracket, § 

on one of the masts. They should, TTrTTTTl^TyTTTi^ 
as far as possible, be erected so 

that there are no metallic masses ^ ] 

nearer to one than the other, and 

the ordinary aerial of the ship, ^ 

shown dotted, must be symmetri- / 

cally placed with respect to them. / \. 

Their horizontal base wires cross 
the ship at an angle of 45’' on 

either side of its centre line, the two /yyy / / /"yy //////// 
bottom corners of each triangle 
being usually made fast to insulators 
attached to stanchions on the ship’s ^ 
side. 

The base wires should not be 
less than 30 ft., and the wires run- Directional Effect 

, ... 1 A £' of (a) an Insulated Horizontal 

ning to the triatlC less than 40 It. Aerial ; (ft) a Marconi Bent 

each in length. ^ The base wires a BeUini-Tosi Tri- 

are split by insulators at their point 

of intersection, and the four free ends enter the receiving 
cabin through four partition insulators, and connect to an 
instrument called a Radiogoniometer, •D (Fig. 283). The range 
of the installation suffers to some extent if these end con- 


ii 

wm 


nections are very long. 

Each aerial circuit, as shown in Fig. 284, is completed in 
the radiogoniometer through a very carefully wound coil, which 
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> , r 

ia^ split at the exact centre and connected to ‘an adjustable air 
condenser. < 

The two goniometer coils are wound with open turns, and 
are mounted concentrically and at right angles to one another 
so that there is no mutual inductance between them. Where 
the two axes cross is made the centre of a third coil (X, Fig. 
2 8 4)^ wound on a spherical forfaer, and mounted on a vertical 
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spindle fitted with a handle so that it can be turned for explor- 
ing purposes, and which is connected externally to the receiver 
(E, Fig. 283). 

The coupling between each goniometer coil and the explor- 
ing coil under similar conditions must be the same. 

A pointer, carried on the spindle, moves over a scale 
divided into angular degrees, and measures the angle of the 
setting of the exploring cbil. 

The receiver may be any one of the standard types in 
general use, but what would otherwise be its aerial circuit 
should preferably consist — as shown in Fig. 285 — of an adjust- 
able condenser complet^g one oscillatory circuit through the 
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goniometer exploring coil, and another through a coupling coil 
of equal inductance in the^ receiver, so that the condenser pro- 
vides a simultaneous adjustment for the two circuits. 



Fig. 284. — The Ship Type Radio- 
goniometer Circuit. 


Fig. 286. — A Simple D.F. Receiver 
Circuit. 


The Direction Finder — or ‘‘ D.F.*' Set, as it is generally 
called — also includes a Tuning Tester, an instrument which 
consists of a calibrated adjustable 
oscillatory circuit excitqd by a 
buzzer (see Fig. 286) which is used 
for the local excitation of the two 
aerials from a source having the same 
wave-length as that of the expected 
signals, when this is known, and when 
it comes within the range of the 
tester. This enaldes the aerial cir- 
cuits to be tuned to the correct 
wave-length beforehand, so that when 
the signals are received, the operator can apply himself 
immediately to the determination of their direction. 

The position of the tester is between the aerials and the 
goniometer, T (Fig. 283), the four aerial connecting leads passing 
through insulated channels in the tester box, A (Fig. 286). 
This ensures ^at the signal currents induced by it are of 

X 



Fig. 286.— The D.F. Tuning 
Tester. 
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eqnal intensity in the two aerials. The tester must be in- 
stalled as far from the receiver as r possible to prevent direct 
action, and should also be about three feet from the 
goniome^.er. 

The Working Thecfry. — Each aerial loop receives best 
when its plane is in the direction of the sending station ; at 
right angles thereto, the aerial will receive nothing. In inter- 
mediate positions the strength of the induced signal currents 
varies as the cosine of the angle between the aerial loop and 
the direction of the sending station. Except in the two cases 
just mentioned, signal currents arov induced in both aerials, 
and — providing the aerial circuits are absolutely identical — 
their relative intensities depend on the direction of the sending 
station with reference to the planes of the two aerial loops. 

These currents pass through the corresponding crossed coils 
in the goniometer, and produce in the space enclosed by them 
two magnetic fields at right angles to each other, having 
relative strengths proportional to the currents creating them, 
which combine to form a resultant field at right angles to the 
direction from which signals are coming. 

The exploring coil will consequently receive the strongest 
signals when its plane is at right angles to that of the resultant 
field, and — if the crossed coils are in the same planes as the 
crossed aerials — when its plane is \n the direction of the in- 
coming signals. Then the pointer which indicates the position 
of the exploring coil consequently shows the direction of the 
sending station. 

However, as the goniometer is provided with a fixed scale 
and pointer it is not necessary to align it with the two aerials, 
for the position of the exploring coil relative to the fixed coils 
as shown on the scale will be the same as the direction of the 
incoming signals relative to the planes of the two aerials. 
The instrument can therefore be fitted in any convenient 
position in the receiving cabin. 

The two air condensers are mounted on the same spindle 
so that both aerials can be tuned simultaneously by rotating 
one handle. It is, however, almost impossible to ensure that 
they have equal capacity throughout the whole of their common 
range of movement, and it is therefore usual^ to provide an 
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independently adjustable billi condenser (B, Fig. 284) in 
parallel with the one whivih has the smaller capacity, in order 
to compensate for the difference. 

Fig. 287 shows a goniometer suitable for^ working over a 
fairly wide range of wave-lengths, i'or the lower part of the 
range the aerials are tuned by the two air condensers and 
Cg, which are controlled by the handle H, while the , upper 
part of the range is obtained by inserting in parallel with 
them two mica condensers C 3 and C 4 by means of the switches 


S^. The billi con- 
denser for tine tun- 
ing is shown at B ; 
the aerial switches 
at S^ ; the open* 
wound goniometer 
coils at Gi and Gg, 
and the exploring 
coil at E. 

The Method of 
Working the 
Direction Finder. 
- —The usual routine 
is as follows : 

( 1 ) The ship's 



Fig. 287. — View of Ship Type Radiogoniometer. 


main aerial is intentionally mis-tuned to the wave-length on 


which the D.F. is receiving, or alternatively, it is entirely 


disconnected from earth. 


(2) The tuning tester is set to the signal wave-length 
expected, and its buzzer is switched on. 

(3) The following method is then used for bringing the 
aerials into resonance : 


(a) One of the switches on the goniometer is opened in 
order to break the circuit of one aerial, and the variable 
condenser is adjusted until signals are a maximum — the 
moving coil handle being preferably i!et so that tlie pointer is 
at 0° or 90° on the scale. 


The receiver circuits are also adjusted. 

The moving coil is then rotated until signals are weaker, 
when a firier adjustment can be made. 
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'(h) The switch on the goniometer is now closed so that 
both the aerials are in circuit. ThCy will both be adjusted to 
the same wave-length except for the slight difference in capa- 
cities befiiween the air condensers. To correct for this, set the 
pointer in the position where signals are at a minimum, and 
vary the billi condenser until the sound in the telephones of 
the receiver is reduced to^zero. 

The a(?justment is now exact, the two aerial circuits being 
in true balance, and the instrument will now indicate the 
direction of any station sending signals of the wave-length for 
which the adjustments have been made. 

(4) When the wave-length of the signals from the distant 
•station is unknown : 

Switch open one aerial and receive from this station 
on the other; adjust the aerial condensers and the receiver 
to give maximum signals ; then set the tuning tester buzzing 
and adjust it until the tester signals have also a maximum 
strength. 

^ Close the second aerial switch, and balance out the tester 
signals by adjusting the billi condenser as already described ; 
then switch off the tester. 

The goniometer can then be used to determine the directien 
of the distant station. 

(5) If the signals are now rec3ived, the direction of the 
transmitting station can be determined by rotating the gonio- 
meter handle and noting the scale position of the pointer at 
which signals in the telephone are loudest. The ear, however, 
can judge more accurately the difference in intensity of weak 
signals than of strong signals, so that the following method is 
to be preferred : 

The goniometer handle is turned first to one side of the 
maximum, then to the other, to find the two points at which 
signals absolutely disappear. The scale position midway 
between them will give the direction of the transmitting 
station. • 

Again, if the handle is rotated past these points it will find 
two others, one on either side of the maximum, at which signals 
reappear. 

The position mid\Yfity between each pair of zero points on 
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either side 'of the maximum, should give a direction exaistly 
90° to that of the transmuting station. 

The mean reading given by all the zero points should be 
used. ^ 


Thus, if in Fig. 288 the abscissa Represents the goniometer 


scale of 360° spread out 
straight, with audibility 
current as ordinate, two 
maxima, M and N, will 
be found in one complete 
rotation of the handle, 
and four zero positions A, 
B, C, and D. A, B, C, 



and D being more sharply 
defined are first deter- 
mined, and are then used 


» 

Fia. 288. — Curve illustrating the Angular’ 
Range of Audibility of the Goniometer 
Search Coil. 


to find M and N. 


Causes of Error. — If the signals cannot be reduced to zero, 
it indicates that the two aerial circuits are electrically unsym-^ 
metrical. 


One of them may have a greater resistance than the other, 
caused possibly by leaky insulation on one aerial only, or 
perhaps by a bad terminal connection. 

One aerial may have less inductance than the other, due to 
its dimensions being wrong, or to it sagging more than the other. 
The greatest care is takei^ in winding the goniometer coils to 
ensure that they have no mutual inductance, and that they are 
in perfect inductive balance, so that on no account should 
they be disturbed ; error is not likely to be caused, either, by 
the exploring coil, unless it gets out of centre through damage 
in transit. 


There may be a difference in capacity between the two 
aerial circuits. The sagging of one of the aerials, the close 
neighbourhood to one of them of a large metallic object, or any 
difference in the capacities of the«adjustable air condensers 
which has not been compensated for by the billi condenser, 
would account for this. 

To ensure that the aerials are set up exactly at right 
angles to eacji other, note the goniometer scale positions of 
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zero signals for each aerial separately. They should be 90° 
'apart. < ^ 

Accuracy of observation can only be attained if the 
apparatus is kept in good working order ; the aerials should 
be kept taut, and frequent inspection is very necessary. 

The Distaince of the Transmitting Station. — If a ship 
requires to obtain the exact pdsition of a land -transmitting 
station, it must take two obsei^vations with its D.F. plant, 
separated by a definite interval of time during which it 
maintains its course without deviation. Then its speed 
being known, the distance of the fixed station can be at 
^once determined by laying out a triangle to any convenient 
scale, having the distance travelled in the given time as 
base-Hne, and the two angles of direction as base angles. The 

intersection of the lines 
forming these angles with 
/ \ the base will give the posi- 

/ \ tion of the fixed station, 

/ \ and its distance can then 

/ \ be measured to scale. 

* % 

\— a If tables of sines and 

cosines are available, the 

)• » position can be calculated 

Fig. 289. — Finding the Position of the Trans- S follows : 

mltting station by Triangulation. ^et the first obserVE- 

tion taken by the ship at A (Fig. 28^) give a D.F. angle with 
the ship’s course of a°. After travelling a known distance 
D, a second observation taken at B gives a D.F. angle of /8°. 

Then it can be shown that the distance of the ship at B, 
from the transmitting station C, is given by the formula 




CB = Dx 


sin ^ (cot a — cot 

and the distance when the first observation was taken 


AC = Dx = 

sin a (cot a — cot 

Land D.F. stations must work in pairs if distance measure- 
ments have to be made. 
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They can be assumed to take the place of the two ship 
positions A and B in Fig. 289. Then the distance between 
them, D, being known and used as a base-line, an observation 
made at each station of the angle between the direction of the 
unknown station C and this base-line — the interior angle at 
B being used in this case — will enable the position of C to be 
plotted out as before ; or by ca,lculation — 

CB = D X — - — , 

Sin p (cot a -f- cot /3) 


and 


AC = Dx 


1 

sin a (cot a -h cot )S) 


If the station C is moving — a cruising airship, for instance 
— the observations at A and B must be made simultaneously. 

Direction Finder Land Sets. — On land the size of the 
aerial is not limited by a short base-line, so that it is possible 
to obtain better results on long wave-lengths. 

In the general case, two triangular aerials are used, whidh 
are erected in planes NE — SW and N W — SE. 

They are supported at their apexes by a double groove in- 
sulator, fixed on the top of a single wooden mast, which may 
be 70 ft., 90 ft., 120 ft., or 150 ft. in height. 

For receiving very long waves, transverse rectangular 
aerials are used, supported by four masts. 

The horizontal bases of t^e triangles — or rectangles — are 6 ft. 
above the ground, and are stayed out through insulators to 
ground anchors, which are so arranged that the two aerials lie 
in planes which are truly at right angles to each other, and at 
the same time bisect the angles between the mast guys. 

A special form^of insulating clamp fixed to the mast holds 
the base wires taut at the centre, so that the four free ends 
can be led without strain through the wall insulators of the 
receiving hut. 

There is generally sufficient room available in a land 
station to allow the apparatus to be well spread out on the 
receiving bench, as shown in Fig. 290, which is always an 
advantage where accurate tuning is concerned, and possible 
reaction etfectsobetween the circuits haye to be considered. 




Fig. 290.— The Lay-out of Apparatus in a Land D, 



DIRECTION FINDING AND SIGNAL STRENGTH 313 





The four * aerial leads enter nt I, and are led down the 


channels in the tuning buz' 5 er box, T, 
to the terminals of the radiogonio- 
meter, D. The buzzer box in this 
case contains only a coupling coil, 
as shown in Fig. 291, the rest of 
the circuit, consisting of an adjTistable 
condenser, a buzzer, switch, and drj 
cells, being mounted on the board 
B, which is also shown in Fig. 292. 

The radiogoniometer is made up in a 
box by itself (Fig. 293); the aerial Fio. 291.— The Buzzer Coupling- 
tuning air condensers are separate 

and independently adjustable, a large and a small condenser 

— for coarse and fine ad- 
justment — being pro- 
vided for one circuit, and 
a large condenser only 
for the other. 

Various types of re- 

Fig. 292.— The Buzzer Tuning Tester Board. Ceiver are USed, a gOod 

combination for long 
wave-lengths being the Marconi type No. 49 (R, Fig. 290), 
with a double note ampli- 
fier, M, and valve high- 
tension battery, H, which 
is also shown diagrammatic- 
ally in Fig. 294. 

The jigger primary is con- 
nected direct to the gonio- 
meter exploring coil, and as 
the circuit does not include 
a condenser it is aperiodic 
in character, and therefore 
does not require tuning. 

The iio'G'er secondarv 293.— The Radiogoniometer of a 

, . , . Land Set. 

which can be increased in 

length by means of a double-pole double-throw switch for the 
reception of long waves — is tuned by an adjustable air con- 
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denser, and is connected to ’the grids and filaments of two 
rectifjring valves. The common plate circuit includes a reaction 
coil and the primary of an iron -core telephone transformer 
on the note-amplifier board. This transformer has a special 
winding for applying th€ rectified signal potentials to the grid 
and filament of the first note-amplifying valve, and — if further 
amplification is required — a similar transformer is employed to 
transfer the signals to a Second note-amplifying valve, which 
contains a simple telephone transformer in its plate circuit. 


TO CxOLOmNO COIL 
ON OONIOMITCR 



Fio. 294. — A Valve Receiver Circuit employing Note Amplification, used in a 
D.F. Land Set. 


The filaments are run off 6-volt batteries, and the plate 
circuits off 200 volts. ^ 

There is a switch in the filament circuit of each valve, and 
those circuits which are not in use should be left open. 

One valve on the receiver is usually sufficient for spark 
signals ; but when it is necessary to set them oscillating — in 
order to produce beats in continuous waves — two are better. 

The angular position of the reaction coil is important, par- 
ticularly when receiving C.W. For the longer wave-lengths 
it is necessary to use a tighter coupling. 

Fig. 295 illustrates the bench lay-out of another set. 
It employs an enclosed tuner, E, and an enclosed seven- 
valve H.F. amplifier wd ^rectifier, M. This amplifier has 
already been described in Chapter V. 

A D.F. Set with Rotary Frame Aerial. — This type of 
installation has been developed for portability and quick search 
on short wave-lengths. ^ 




.6 


Fig. 295.— The Lay-out of D.F. Land Set which employs H.F. AmplificatioM. 
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It employs a single triangular aerial of 1 2 ft. base, which 
is swivelled at its apex from the centre of a rope triatic 
supported by two 30 ft. masts (see Fig. 296). 

The aerial in this set takes the place of the goniometer 

* f 




search coil, and is rotated to find either the plane of maxi- 
mum signal strength, or else the directions of zero signals 
on either side of it from which a more accurate estimate of 

the direction of the trans- 
mitting station can be 
obtained. 

The wire forming the 
base of the triangle is 
lashed to a bamboo pole, 
which is carried rigidly 
by a vertical post passing 
through the roof of the 
instrument hut to the 
floor. 

This pole can be re- 
volved by means of a 
wooden hand-wheel, and 
a horizontal pointer which moves over a scale on the operat- 
ing bench indicates the direction in which the plane of the 
aerial is set. 

As shown in Fig. 296, connections are taken from the 


Fig. 297. — Aerial Change-over Board “Std bi’ 
to “Tune” for Quick-search Set. 
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middle of the base of the tVianjle to the receiver, which is 
split up into three parts : ^ 

(1) A condenser board fitted with a switch to change over 



Pig. 298. — H.F. Amplifier and Receiver Board for Quick-search Set. 


from ''Std bi'' to ‘^Tune/' a view of which is given in 
Fig. 297. 

(2) A high-frequency amplifier and valve detector board, 
Fig. 298; and 

(3) A note-amplifier board, as illustrated at M, Fig. 290. 



Fig. 299. — The Aerial and Receiver Circuit of the Quick-search Set. 


A simplified diagram of the circuit omitting the note 
amplifier is shown in Fig. 299. 

On “Std bi” the two ends of the aerial are connected 
together and to earth through the coupling coil on board No. 2. 

On “ Tune ’’ the connection to earth is broken, the two ends 
of the aerial are separated, and it becomes part of a closed 
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oscillatory circuit, which included the adjustable air condefisers 
oil board No. 1 and the coupling (joil on board No. 2. 

The provision for the simultaneous adjustment of the two 
jigger circuits on board No. 2, by means of the band coupling 
betweeh the adjustablecair condensers, will be noted. 

The wave-length range of this set is from 120 metres to 
700 metres. , 

The Measurement of Audibility. — Signals are conveyed 
to the ear by the air displaceihent caused by the vibration of 
a telephone diaphragm. 

The diaphragm only vibrates when there is variation in the 
telephone current. 

The current in the usual detector circuit has a pulsating 
character ; that is, it can be split up into two components : (1) 

a direct current 01 (Fig. 300); and 
(2) an alternating current of ampli- 


J dll aXLCl. WJ 

A. , A A. _ A A. A A tilde II, superposed on 01. 
V/ \y V/ It is this A.C. componen 


Fiq. 300. — The Telephone Current 
and the Audio Current. 


component which 
causes the diaphragm to vibrate, 
and which is called the audio 
current. 

Audibility is the ratio of the 
amplitude of this audio current 
to the minimum current amplitude of the same frequency 
and wave-form to give distinct signals. 

The determination of this minimum value, which is called 
the audibility current of the particular telephone used, involves 
a personal factor, as it rests finally on the judgment of the 
operator, who has to decide at what adjustment he can just 
distinguish the difference between dots and dashes. 

The existence of other noises — atmospheric discharges heard 
in the telephone, or room or street noises coming from outside 
the circuit, also the fit of the telephones to the ears, whether 
tight or loose — unavoidably influence the operator’s decision. 

Any efficient method, therefore, which could be employed 
without introducing a personal factor would be much preferred. 

The audio current measured is that obtained under the 
most favourable conditions from the aerial signal current, that 
is — (1) when the coupling between the aerial and r detector 
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circuits is loose enough to pifevep>t any appreciable increase in 
the damping of the aerial ^urrent ; and (2) when there is no 
regenerative action between the two circuits. 

A common arrangement is shown in Fig. 301. The aerial 
couples loosely with a tuned jigger* circuit ,» and a crystal 


detector is used as a rectifier 
in series with a telephone T, 
which is shunted by a vari- 
able non-inductance resist- 
ance E. 

A telephone condenser C, 
of small H.F. reactance, is 
used, in order to prevent any 
change in the radio-frequency 
current due to alteration of 
the shunt resistance, as this 
would react back on the cur- 
rent of audio-frequency. 

The shunt resistance is 
reduced until the signals in 
the telephone can only just 
be read. 

Then audibility, A, is the 
the unshunted telephone, t 
telephone when shunted by t 



Fig. 301, — Diagram of Circuit used for 
measuring Audibilities by the Shunted 
Telephone Method. 


ratio of the current I through 
> the current Ir through the 
le resistance K, or 


A 


1 ^ E 


where t is the effective resistance, or impedance of the telephone 
under the given conditions of audio frequency and wave-form, 
or 

t = ^E,2 + (27^7lL)^ 

the assumption being made that shunting the telephone makes 
no difference to the audio current. 

It is often the practice to neglfict the inductance of the 
telephone and make 


E, + E 



326 WIEELES^? TELEGRAPHY AND TELEPHONY 

This is a mistake unlesa L Is very small compared "with 
The reactance of telephones t^ed in radio-circuits is fre- 
quently of the same order as 
the resistance. 

The resistance and in- 
ductance of the test tele- 
phones can be measured by 
a bridge method such as 
is used for other inductance 
tests, the circuit diagram 
being shown dn Fig. 302. 

The two non-inductive 
ratio arms and rg being 
set to suitable values, the resistance and inductance of the 
telephone T under test, are balanced for currents at the 
working audio frequency as delivered from the source G, by 
adjusting the non-inductance 
resistance and the induct- 
ance L^ until the bridge tele- 
phone X is quite silent. This 
state will be reached when 

Ti _ tel. resist. __ tel. induct. 

It will be found that the ^ 
telephone resistance and in- o 
ductive reactance increase 
with the frequency, except 
for a sudden fall which occurs 
when the frequency is in re- 
sonance with the natural „ mv xr . .. 

. j* V Fig. 303. — The Vanation of Telephone Re- 

Vlbration of the diaphragm J sistance and Reactance with Frequency. 

see Fig. 303. 

If there are no means available for measuring the im- 
pedance of the telephone, absolute audibilities cannot be 
measured, but if the telephone direct - current resistance is 
high compared with the shunt resistance, the inverse of the 
shunt resistance can be used without much error as a measure 
of comparfitive audibility. 




Fig. 302. — An Impedance Bridge Circuit. 
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^ake as an example a telephone which has a direct-current 
resistance of 2000 ohms find an impedance at 500 cycjes of 
5000 ohms; then suppose the shunt resistances required for 
two audibility tests were 5 ohms and 50 ohms respectively. 
Then the ratio of the absolute audibilities would be 

5000 4-5 /5000 + 5 .g.gi.i, 

" 5 / 50 . * ’ 

whereas the ratio of the comparative audibilities* as given 
by the shunts alone would be 


1/ A =10:1. 


In such a case, accuracy would be improved by using a' 
high non-inductive resistance in series with the telephones. 

Comparative audibilities can also be measured by using 
a fixed value of resistance R (Fig. 304) in the circuit, and 
varying the tapping point for the 
shunted telephone connection. Then 
if the impedance of the telephone is 
great compared with that of the re- 
sistance, the audio current will not 
be appreciably affected by any change 
in shunt adjustment. 

The Relation between the 

_ . _ „ . . _ , bihties by a Potentiometer 

Aerial Current received and th^ Method. 

Audio Current. — This can best be 

determined by means of an independent standard circuit used 
as a generator of local oscillations, which can be adjusted to 
the frequency of the incoming waves and to the same decrement. 

Such a circuit is shown in Fig. 305. It consists of an 
adjustable air condenser C, an inductance coil L having a 
coupling with the aerial at M which can be varied, and a 
non-inductive slider resistance R. 

The circuit is excited from a battery B, which, by means 
of either the vibrator of a shunted buzzer SG (a), or a 
commutator (J), alternately charges the condenser C and then 
allows it to discharge through the standard circuit. 

The R.M.§. value of the oscillatory current indicated by 

Y 
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tht ammeter I, depends oif the potential .applied to the 
eond^ser, which is regulated by th''. slider P. 

An adjustment should also be provided for varying the 
charging^ or note-frequency. 

To make use* of the drrangement — 

(1) The standard circuit is first adjusted to the same note 


and wave-length of the signals transmitted by the distant 



station. 

(2) The coupling of 
the standard circuit 
with the aerial at M, 
and its oscillatory cur- 
rent I, are then adjusted 
to give the same audi- 
bility in the receiver as 
the distant signals. 

(3) The aerial is 
next de-tuned by a 
small amount, or a small 



resistance is inserted in 
it. If the standard 
circuit has the correct 
decrement, the two audi- 
bilities will still remain 
equal, although less 


Fig. 305. — An Independent Standard Circuit used than before. 

for measuring the Relation between the Aerial Jf they become Un- 
Current and the Audio Current. i i ^ i 

equal, then it must be 


varied until the correct value is found which makes them 


equal at both aerial adjustments. 

(4) The variable coupling M should now be calibrated, 
either by calculation or measurement ; and the constants of 
the standard circuit and the aerial circuit being known, the 
aerial current corresponding to the standard circuit I for any 
setting of the coupling can then be obtained. 

If an aerial ammeter ds available, the calibration of the 
coupling of course becomes very simple. 

(6) Finally, , the audibilities corresponding to various 
values of aerial current require to be taken, so .that any 
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audibility within the range mfeasured, produced by signals 
from the distant station, f^ill be known to correspond^ to a 
given aerial current. 

When the incoming signals are continuous oscillations, the 
standard circuit must also be excited by a bontinuous wave 
oscillator such as a valve generator. The resistance E will 
not be required, as no adjustment for decrement will be needed. 
The provision of a beat-producing circuit will allow any desired 
note to be obtained. 
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A.C., characteristics of, 22 

generators for valve circuits, 130 
measurement of capacity, 207 
of inductance, 215 
Aerial capacity, effective, 167 
circuit damping, 297 
current distribution, 300 
and audio current, 821 
D.F., for ship use, 303 
directional effect, 302 
energy radiated, 300 
inductance, 219 
insulator, flexible type, 273 
*‘Tambuir’ type, 274 
resistance, effective, test of, 298 
Air compressor, 151 
core transformer and ammeter, 186 
dielectric strength, 266, 261 
engine. Creed, 162 
gap resistance, 46, 285 
Alternating current and potential curves, 
26 

Alternator, Alexauderson, 74, 76, 77 
Duddell 2000-cycles, 72 
Goldschmidt, 81 
high-frequency, 71 
low-frequency, 63, 71 
S.F.R., 79 
inductance, 216 
maximum output, 33 
Ammeter, definition of, 178 
Duddell thermo-, 184 
dynamometer, 180 a 
hot-wire, Hartmann and Braun, 181 
H.F., Hartmann and Braun, 183 
‘ Marconi-Ewen, 184, 186 
moving-coil, 179 
parallel- wire, 184 
soft-iron, Everett-Edgecumbe, 181 
Weston, 181 

Ampere balance, Kelvin, 163 
definition of, 162 
Amplification effect, 112, 115 
H.F., 118 
L.P., 118 


Amplification of weak signals, 116 • 
Amplifier, H.F., and D.F. set, 3l7 
type No. 65, 138 

and multiple tuner, 140 
Note, and crystal detector, 142 
and magnetic detector, 141 
and D.P. set, 314 i 

Anderson inductance bridge, 211 
Anderson-Fleming bridge, 212 
Anode plate of valve, 109 
Apparatus, finished, pressure test, 261 
Arc characteristics in air, 97, 99 
in hydrogen, 99 
Duddell, 96 
characteristics, 98 
current, 98 
Marconi-Poulsen, 104 
Poulsen, 99 
characteristic, 101 
current and potential, 100 
transmitter, 96 
Astatic galvanometer, 167 
system, 167 
Atom, the, 4 

and secondary electrons, 8 
electron vortex, 6 
J. J, Thomson, 6 
E. Rutherford, 6 
N. Bohr, 6 
G. W. Nicholson, 6 
Atomic core, 6, 6, 7 
Atoms, interchanging electrons, 108 
sizes of, 15 

Audibilities, comparative, 321 
Audibility, 318 
current, 318 
measurement, 318 
rang^ of goniometer, 309 
Audio current, 318 
# 

Balance, Kelvin ampere, 163 
Ballastio galvanometer, 166, 198, 283 
Beat frequency, 127 
generator, self-, 128 
“ Beats," 126 


826 
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Bellini-Tosi direction finder, Marconi-, 302r 
Bjefknes decrement test, 290 
Blower,;, motor, 163 c 
Bohr atom, 6 
Bridge, Anderson, 211 
Andersoi^ Fleming, 212 
capacity, 204 • 

impedance, 320 
inductance, slide-wire, 213 
plug, 190 
Post-Office, 191 
resist^ce, slide-wire, 190 
Wheatstone, 189 

Bridges, dial and bar pattern, 191 
Burning of spark electrodes, 56 
Bushings, insulating, 276 
Buzzer circuit, calibrating, 245 

Cadmium cell, 172 
Calibrating buzzer circuit, 245 
' of galvanometer, 174 
of voltmeter, 175 
of disc discharger, 69 
of wave-meter, 243, 245 
of condenser tubes, 205 
Campbell mutual inductance, 220 
speed constancy indicator, 238 
Campbell- Paul spark counter, 237 
Cap|icity bridge, 204 
measurement of, 200 
by A.C. measurement of, 207 
by direct charge, measurement of, 201 
by H.F. resonance, measurement of, 
208 

of an aerial, 209 

inductance and resistance in circuit, 32 
commutator, Fleming-Clinton, 202 
Cell, standard, 172 
Characteristic of an arc, dynamic, 97 
static, 97 
falling, 96 

two-electrode valve, plate, 110 
grid-plate, 114 

Characteristics of Duddell arc, 98 
of working Poulsen arc, 101 
Charge, space, 113 
Chemical action, 14 
Compressor, air, 161 
Condenser, charge and discharge of a, 27, 
29, 30 

discharge circuit, 46 
for'smoothing wave-form, 126 ^ 
plate, “Rendahl,” 268 
tubes, calibration of, 206 « 

Condensers, pressure testing of, 266 
Conductivity of spark gap, 48 
Conductor, electrical state of glowing, 
108 

Continuous wave transmitters, 70 
oscillations by “Timed Spark,” 91 


Cbntinuous oscillations by valve, 123 
“Control” valve, 149 
Cor^^ atomic, 6, 6, 7 
Corrugation and insulation, 278 
Coupled circuit decrements, 286 
oscillations, 64, 66, 289 
circuits, 220 

Coupling, coefficient of, 221 
capacity, 121 
degree of, 287 
percentage, 287 
waves, 246, 247 

•Creed air engine, diagram of, 150 
description of, 162 
relay, 162 

Critically damped movement, 166 
Crystal detector and amplifier, 142 
Cumulative rectification, 122 
Current, nature of alternating, 22 
of direct, 21 
average, 179 
dead-beat, 29 
grid, 114 
plate, 114 

root-mean-square, 180 
measurement of, 162 
amplification by resonance, 46 
indicating instruments, 177 
distribution in aerial, 300 

Damped oscillations in coupled circuits, 
289 

Damping, 281 
in aerial circuit, 297 
of galvanometers, 166 
of pendulum, 280 
D'Ar§onval galvanometer, 165 
Dead-beat current, 29 
movement, 166 
Decay factor, 282 
Decrement, measurement of, 280 
definition of, 281 
logarithmic, 281 
lineal, 285 
spark, 286 

non-sparking circuit, 284 
radiation, 299, 300 
earth-system, ^99 
Decrements of coupled circuits, 286 
with spark, 288 
without spark, 287 
measurement by tuning curve, 289 
by Bjerknes method, 290 
Decremeters, Marconi, 292, 296, 296 
Degree of coupling, 287 
Detector, crystal, with amplifier, 118, 
134, 142 

De-tuning a quenched spark circuit, 68 
D. F, system, Marconi - Bellini - Tosi, 
302 
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D.Jft aerial for use, 308 
^et for ship use, 304 
receiver for ship use, 806 
tuning tester for ship use, 305 
working theory, 306 
method of use, 307 
causes of error, 309 
land sets, 311 

apparatus for, 313 
receiver and note amplifier, 314 
rotary and frame aerial, 314 
Dial pattern bridge, 191 
Diamagnetic effect, 10 
Dictaphone reception, 157 
spark record, 234 
cylinder shaving machine, 159 
Dielectric hysteresis, 251 
strengths, table of, 261 
strength, measurement of, 248 
wave-form and, 249 
units, 251 

Dielectric strength test of varnish, 252 
of mica, 253 
of ebonite, 254 
of glass, 255 
of tubes, 259 
of oil, 260 

of raw materials, 261 
on H.T. and H.F., 270 
power required for, 272, 273 
Digby oil tester, 260 
Direct current, nature of, 21 
Directional effect of aerials, 302 
Disc discharger, Marconi, 53, 68 
scale for, 55 
calibration of, 69 
electrodes, side, 58 
burning of, 56, 

Discharge of a condenser, 27, 29, 30, 
46 

quenched spark, 63 ^ 

Discharger, plain, 62 
Disruptive strength, 249 
Distance of transmitting station, 310 
Dolezalek electrometer, 177 
Double frequency changer, 89 
note amplifier, 314 
Drysdale-Tinsley galvanometer, 170 
roller stroboscope, 226 
►Ducter potential ohmmeter, 194 
Duddell alternator, 2000 cycles, 72 
arc, 96 

oscillograph, 169, 230 
thermo-ammeter, 184 
thermo-galvanometer, 168 
Dynamic arc characteristics, 97, 98, 101 
Dynamometer ammeter, 180 
principle, 180 

Earth deofement^ 299 


^ Earth, resistance, effective, 299 
Ebonite, dielpcfric strength test of,«254 
Effective cap|kcity of an aerial, 209 
inductance of an aerial, 219 * 
resistance of an aerial, 298 
Efficiency of an aerial, 299 
Einth^ven galvan<)meter recorder, 169 
optical system, 160 
string galvanometer, 171 
Electric current, nature of, 3 
measurement of, 162 
Elediricity, nature of, 1 » 

Electro- chemical dissociation, 15 
Electrode rocker, spark, ^ 
Electromagnetic radiation, 31 
waves, velocity of, 241 
Electrometer, Dolezalek, 177 
quadrant, 176 

resistance measurement by, 199 
Electron, 2 
field of an, 2 

vortex atom, 6 ^ 

Electrostatic field of a condenser, 27 
field between various electrodes, 258 
voltmeter, 186 
unit, the, 200 
E.M.F., unit of, 172 
measurement of, 172 
due to capacity, back, 27 
due to induction, 20 
measured by potentiometer, 172 
Energy radiated from aerial, 300 
Ether, 18 

Everett Edgecumbe soft-iron ammeter, 
181 

frequency meter, 227 
Ewen thermo-ammeter, Marconi, 184 
Expansion chamber, Marconi arc, 103 
Exponential curve, 281 

Factor of merit, 165 
Falling characteristic, 96 
Farad, the, 200 
Ferro-magnetic effect, 10 
Filament current of three-electrode valve, 
116 

and plate characteristics, 111 
of two-electrode valve, 109 
Fleming photographic sj^ark counter, 286 
Fleming- Anderson inductance bridge, 212 
Fleming - Clinton capacity commutator, 
202 

inductance commutator, 213 
Flqjcible strain insulator, 273 
semi-, 276 

Forest, Lee De, three - electrode valve, 
112 

Frahms speed indicator, 224 
Frequency changers, static, 87 
measurement of, 223 
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Frequency meter, Everett • Edgecumbe, 
c227 

Hartmann and Braun, 226 
induction, 227 
Westingbouse, 228 
Weston, 228 

doubling Ihe range qjf a, 227 ^ 

Galvanometer, calibration of, 174 
ballistic, 166, 201, 283 
D’Arsonval, 165 
dampiag of, 166 
definition of, 164 
Duddell tbeVmo-, 168 
oscillograph, 168 
Einthoven, 170 
sensitivity, 164 
single pivot, 192 
‘ Thomson astatic, 167 
vibration, 170 

Gaseous emission from hot bodies, 107 
Crauge, fpark, 268 

Generator, H.T., for valve plate circuit, 
126 

self-beat, 128 

A.C., for valve circuits, 130 
Generators, pressure test of, 263 
Geometrical progression, 281 
Glass condenser tubes, calibration of, 

• fi05 

plates, dielectric strength test of, 266 
Glowing conductor, electrical state of, 
106 

Goldschmidt H.F. alternator, 81 
Goniometer, 303 
^ audibility range, 309 
Grid, the, 113 

plate characteristics, 115, 117, 137 
potentiometer, use of, 113 
Guard plate in megger, 197 
wire, 164 

Guards, for insulators, 278 
Guy insulators, 276 

Hartmann -Braun hot-wire ammeter, 181 
H.F. ammeter, 183 
frequency meter, 226 
Helium, radio-active production of, 13 
Henry, the, 211 
H.F. amplifier. No. 66, 138 
and D.F. set, 317 

High-frequency alternators, 71, 74, 79, 81 
High-frequency, pressure testing at, 264, 
272 

High-speed transmitting apparatus, InO 
receiving apparatus, 167, 169 
High-tension signalliug switch, 162 
Hot-strip ammeter, H. and B., 183 
Hydrogen arc, 99 
Hysteresis, dielectric, 261 


c 

Impedance bridge circuit, , 320 
Inductance, alternator, 216 
transformer, 216 
Campbell variable mutual, 220 
mutual, 219 

and capacity, circuit containing, 29, 32 
and resistance, circuit containing, 26 
only, circuit containing, 26 
commutator, Fleming-Clinton, 213 
of an aerial, effective, 219 
of transmitting circuit, minimum, 50 
by Anderson bridge, measurement of, 
, 211 

by slide- wire bridge, measurement of, 

213 

by drop in potential, measurement of, 

214 

by L.F. resonance, measurement of, 
216 

by H.F. resonance, measurement of, 
218 

Induction, 20 
frequency-meters, 227 
In-phase current, 32 
Instruments, valve, 133 
Insulating bushings, 276 
Insulation and corrugation, 278 
resistance, 196 
surface, 260 

test by “loss of charge,” 198 
by power required for H.T., 272, 
273 

Insulators, guards for, 278 
“Semi-flexible,” guy, 276 
“ Walnut,” guy, 275 
test of aerial, 273 
“Turnbull ” aerial, 274 
Intensify of received signals, 309, 318. 
Ion, 2, 11, 12 
Iron in a solenoid, 24 

J. J. Thomson atom, 6 
Joly and Vallauri double - frequency 
changer, 89 

Joly triple-frequency changer, 90 

Kelvin ampere balance, 163 
ether vortex atom, 7 

Lagging current, 26 
in alternator, 33 
and spark-discharger, 61 
Land sets, D.F., 311 
Leading current, 26 
Leakage, magnetic, 43 
Lecher wire circuits, 241 
Lee Be Forrest three-electrode valve, 112 
Light, velocity of, 240 
Limiting power of an alternator, 34 
Lineal decrement, 286 
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Linliage with a opnductor, magneticj 
in a solenoid magnetic, 23 
in coupled circuits, magnetic, 
Logarithmic decrement, 281 ^ 

“ Loss /of chai^ge ” method, 198 
Low-frequency alternators, 71 
amplification, 118 

Magnetic field, ether shear and, 18 
detector and note amplifier, 141 
leakage, 43 ^ 

Magnetisation by D.G. and A.C., 88 
of iron, 25 

Marconi disc discharger, 45, 53 
Marconi-Ewen ammeter, 185 
Marconi-Mackie disc discharger, 57 
Marconi -Poulsen arc transmitter, 103, 
104 

Mass of the atom, 5, 6 
Megger, 197 
Merit, factor of, 166 
Metallic vapour in spark gap, 49 
Microphone in aerial, 129 
in grid circuit, 129 
Milli-voltmeter, 178 

Mirror speed, accurate measurement of, 
238 

Model of magnetic field, 18 
Models of the atom, 5, 6 
Molecule, 15 
Motor blower, 163 
Wheatstone, 163, 155 
Moving coil ammeter, 179 
principle, 179 

Multiple tuner with No. 65 amplifier, 
140 

Mutual inductance, 219 
Campbell standard, 220 

Natural period of a circuit, 30 
Needle point voltages, 266 
Negative electricity, 2 
ion, 2 

Note amplifier circuits, 118, 136, 141, 
142, 314 

Note amplifier and crystal detector, 142 
and D.F. set, 314 
and magnetic detector, 141 

Ohm, the, 188 
bhmmeter, the, 194 
Oil dielectrics, 260 

Oscillation frequency, measurement of, 
236 

Oscillator, valve, 124 
Oscillatory current defined, 29 
production of an, 44 
Oscillatory valve phenomena, 123 
Oscillograms of sparking circuit, 52 
Oscillograph, Duddell, 188 

o 


Oscillograph, frequency measurements 
• by, 230' ^ 

Oscilloscope, •Genreke, 230 

• 

Parallel wire ammeter, 184 
Paramagnetic effect, 10 
Pendulum, damping of a, 28<) 

PerceiJtage coupling, 287 
Perforator, Wheatstone, 165 
Phase displacement effects, 17 
and spark discharge, 44 
Photographic recorder, Marconi - Ein- 
thoven, 161 * 

Photographic spark counter, Campbell- 
Paul, 237 
Fleming, 235 
Plain spark discharge, 62 
Plate anode of valve, 109 
characteristic of two-electrode valve, 
110 

potentiometer and two-electrode valve, 
112 

Porcelain insulators, 275 
Positive electricity, 2 
ion, 3 

Potential, resistance measurement by fall 
of, 193 

indicating instruments, 177 
Potentiometer, E.M.F. measurement by, 
172 

Poulsen arc, distinctive features, 99 
working characteristic, 101 
current and potential, 100 
diagram, 102 
Marconi, 103, 104» 

Pressure test, duration of, 261 
H.F., 264, 272 
of condensers, 266 
of generators and motors, 263 
of transformers, 264 
of windings, 264 
Punched slip, 154 

Quadrant electrometer, 176 
discharge, 63 

Quenched spark and de-tuned circuits, 68 
Quenched spark discharger, Marconi 
type, 67 

Telefunken type, 66 
Quick-search D.F. set, 314 

Radiation decrement, 299, 300 
Radiation, electromagnetic, 31 
Radio-active effects, origin of, 12 
Radj^Ogoniometer, 303 
ship type, 306 
view of, 307 
land type, view of, 313 
Reaction coil, use of a, 120 
Receiver type. No. 27, 133 
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Receiver type, No. 38 («), 135 ^ 

Reception by dictdphonf , ll57 
Recording dictaphone, 158 
Rectification effect, 108, 115 
cumulative, 122 
efficiency of, 119 
simple, 1^2 , 

Reed type frequency meter, 226 
Relay, Creed, 152 
Reluctance, 26 

“ Rendahl” condenser plate, 268 
Residualecharge, 207 
Resistance, aerial effective, 298 
earth systerh effective, 299 
spark-gap, 49, 285 
insu^^tion, 196 

measurement by galvanometer, 188 
capacity and inductance in a circuit, 
195 . 

standards, 188 
i^esonance, 32 

current and P. D. amplification by, 45 
in circuit when sparking, 50 
and spark discharge, 49 
wave-length and tuning curve, 291 
Retro-active effect, 120 
Rocker, 63 

Root-mean-square current, 180 
Rotary frame aerial, 314 > 

•ilotfiry disc discharger, 63 
C.W., 91 

Rutherford atom, 6 

Saturation current, 110 
Secondary electrons, 8 
effect of heat on, 107 
Semi-flexible guy insulator, 276 
Shaving machine, dictaphone cylinder, 
159 

Shear in the ether, 18 
Ship D.F. set, 304 
Signalling switch H.T., 152 
Single pivot galvanometer, 192 
Sizes of electron vortex atoms, com- 
parative, 16 

Slide-wire resistance bridge, 190 
inductance bridge, 213 
Slip, punched, 154 
“Soakage,” 207 
Soft-iron ammeters, 180 
Solenoid, magnetic field in a, 23, 24 
iron in a, 24 
Space charge, 113 

Spark counter, Fleming photographic, 
236 

Campbell-Paul photographic, 237 
Spark discharge, the, 44 

discharge at zero charging current, 46 
electrodes, the burning of, 56 
electrode rocker, 63 


Spfark frequencies, table.' of, 240 
measurement cff, 233 
^*^ape record, 234 
decrement, 285 
resistance, 285 
gauge, 258 

record by dictaphone, 234 
phase, calibration of discharger for, 5^ 
adjustment, 60 
scale of, 56 

t “ make ” and “break,” 66 
Sparking period in each A.C. half cycle, 
, 92 

voltages, 256 

Specific inductance capacity, 200 
Speed constancy indicator, Campbell, 233 
measurements, 223 
Standard cell, 172 
resistances, 188 
Stark, valency electrons of, 6 
Static characteristic of an arc, 97 
Stationary waves along wires, 241 
String galvanometer, Einthoven, 170t 
Stroboscope, Drysdale roller, 225 
controlled by tuning fork, 238 
Stroboscopic methods, 224 
Strongly damped oscillations, 65 
Surface insulation, 250 

Tafcle of spark voltages, 256, 257 
of spark frequencies, 240 
of dielectric strengths, 261 
of specific inductive capacities, 201 
Tape record of spark frequencies, 234 
Telephone, calibration of disc discharger 
by, 59 

impedance, 319 
resonance, 320 
transmitter, valve, 128 

and receiver, short distance, 142 
a -d receiver, type T.T. 2, 145 
and receiver, type T.T. 3, 148 
Temperature and electron emission, 107 
Tester, tuning, 245 
D.F. tuning, 305 
Thermo-ammeter, Diiddell, 184 
Marconi-Ewen, 185 
Hartmann and jdraun, 181 
Thermo-electric power, 168 
-electric effect, 167 
galvanometer, Duddell, 168 
ionic effects, 106 

j Thomson astatic galvanometer, 167 
Three-electrode valve, 112 
Three-electrode valve, types of, 131 
Throw of ballistic galvanometer, 283 
Ticker, 126 

Time of condenser discharge, 45 
“Timed Spark” method, 91 
Transcribing dictaphone, 158 
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Transformation tatio, 34 
Transformer inductance, 215 
leakage, 43 
H.F. ammeter, 186 
presVtire test of, 264 
Translational motion of an atom, 11 
Transmitter, Wheatstone, 163 
motor control, 155 
Transmitters, C.W., 70 
Transmitting apparatus, high-speed, 150 
set, 60-kw. spark, 62 > 

Trigger spark circuit, 95 
Triple-frequency changer, Joly, 90 
Tube dielectrics, 259 
Tuning curve and decrement, 289 
and resonance wave-length, 291 
tester, 245 
fork and shutter, 226 

controlling stroboscope, 238 
Turnbull strain insulator, 274 
Two-electrode valve, 109 

Uni-pivot galvanometer, Paul, 192 

Valency electrons, 6 

Vallauri and J oly frequency changer, 89 
Valve, “control,” 149 
filament of, 109 
filament current of, 116 
instruments, 133 
oscillator, 105, 124 
plate anode of, 109 
telephone transmitter, 128 
two-electrode, 109 
three -electrode, 112 
types, 131 

Vapour in spark gap, metallic, 49 
Varnish, dielectric strength test df, 252 


Vector quantities, 37 

diagrams of 1^ C.,^nd R., 38 ^ 
Vector diagrlms of transformer on “ No* 
load,” ^ • 

on “ Non-inductive load,” 41 
on “Capacity load,” 42 
Vibration galvanometer, Dfysdale-Tins* 
iSy, 170 
Duddell, 170 
Volt balance, Kelvin, 187 
Voltages, spark, 256 
Voltiaeter calibration, 175 
definition of, 178 
electrostatic, 186 
milli-, 178 

Vortex atom, electron, 6 
ratios, 16 

“Walnut” insulator, 275 
Wave-form curves, compound, 232 
and dielectric strength, 249 
of induction coil, 250 ^ * 

Wave-length measurement, 240, 241, 247 
Wave-meter, 241, 245 
calibration of, 243, 245 
by spark frequency, 244 
Waves along wires, 241 
Westinghouse" frequency meter, 228 
Weston cadmium cell, 172 
frequency meter, 228 
soft-iron ammeter, 181 
Wheatstone bridge, 189 
perforator, 155 
transmitter, 153 
Windage on the spark, 57 
Windings, pressure test of, 264 

X-rays, origin of, 12 


THE END 
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